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Abstract

A common problem when working with digitized transcribed location dattaaisthese databases

are often incoherent and incompleténother situation which can result in incoherent and

incomplete databases, is when multiple databases are merged together and used as one. Both these
situations result in a lot of hassle to trangiothem by hand and make the final result clear and
coherent.

During this research project we have worked on creating a system to transform thesmgata

into coherent and complete databases as well as find a method for the checking and improving of
GPSocation data. The designed system is able to perform these operations together as well as
separately and creates an easy and effortless process for the user. The system works efiigiently
well as accurately ani@ designed to be sustainakdéd expandhle, by making use of several design
implementations.
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1 Introduction

This chapter wilprovidea short introduction to the topic of the thesand define the corresponding
research questios and subquestions Furthermore, we will give an omgew of the remaining
chapters of the thesis and discuss how the work has been divided.

1.1 GP3ReferencingandData $orageManipulation

Over time a lot of researchers have gathered a lot of information about different organisms on our
planet. This type of data is mostly stored in databases with manually transcribed reéolatsof this
stored (historical)nformation is used for furtheresearchTo make use of these databases for further
research it is of utmost importance that the information within the databases is not only complete but
also coherent.

The project regarding our thesis will focus on two aspects regarding the procesakingrhese
databases complete and coherent as welthsckinghe informationincluded for errors.

The first problem we will tackle in our thesis is the fact that a lot of these, possible historical, databases
contain location data points. This locatiaiata can be incomplete and inconsistent. Furthermore,
different databases can use differefirmats to store these coordinate®ur thesis will focus on this
problem and provide a way to transform these location data entries to a uniform system so threse ca
be easily combined. Also, a checking system will be implemented to easily filter out and alter the
incorrect data entries. The to be designed system will contribute towards increasing the consistency
and coherency of the databases.

Another frequently ocurring issue when dealing with databases is altering and checking the containing
data and combining information of multiple databases together. Multiple options arise to tackle this
process. It can be done manually, or by writing extensive queries todnémel problem. This process

can be tedious, time consuming and is still very prone to human error. Especially when dealing with
databases with a large number of entries problems can arise easily. The second process of our
application will provide a way teasily combine databases together and manipulate the data in an
orderly and easily managed fashion. Furthermore, it will make it possible to check for errors and
duplicates. astly the system will be compatible with different types of databases andlsdlle able

to transform the data to another type when needed.
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1.2 Researclguestions

The research questiswe will try to answer at the end of this papare stated below. To improve our
ability of providing a complete answer to the 3 research questiwrssplit them up into sulguestions
where required.

1.2.1 Research question 1
al 26 Oy 6S FTAYR | YSGK2R (2 OanddoHdeah edsyeptdeedsh 2y R
for furtherdata entries?

1.21.1 Research suquestion 1.1

G2 KFEd Aa GKS T &S saddahdyalethy [Bcation duitiin the eridtiry ¢ & (0 2
database making thisdat®d2 YLJX SGS | yR O2yaAraiaSyidKs

GPS coordinates can be stonesing a number of different format styles, or this information can be

non-existent in certain data entries. We will need to find a method to create a complete and
coherent output from these possibly inconsistent input files.

1.2.1.2 Research subuestion 1.2

a 2 Kformatting and input guidelineshould be used for future data entries to keep the location

RFGlI 2F GKS SydidNARASa IFRRSR (2 GKS RFdGFolasS 0O2YL} S
Not every exception can be accounted for within the system, therefore some restrictions and

guidelines will have to be added towards the formatting of the input.

1.2.2 Research question 2
How can we provide a process to easilyanize, transform, combine and chefztabases?

We need to find a method to best transform, combine and check databases cednbirseparately.
The method needs to work in such a way that processing large files will run smoothly and consistent.

1.2.3 Research question 3
Gl 26 O y sashinabldasterR thdt can add and verify GPS location data to databases while
also being abl¢o organize the dataand is compatible with different kind détabaseX ¢

1.2.3.1 Research sufuestion 3.1

Gl 26 OFy ¢S RSaAdy G(GKS aeadSy G2 2LISNIGS o2d0dK LI
2yS aeaidSYKe

The system will need to perform two diffexeprocesses, which will need to be able to work together

as well as individually.

1.2.3.2 Research sufuestion 3.2
al2¢g OFy ¢S RSaAady (GKS aeadaSy (G2 0SS &addzaidlAylof St

The system needs to be designed in such a way that it can easily be expanded with extra
functionalities as well as being reliable, consistent and can be used by multiple (types of) databases.



1.3 Thesis overview

In the following chapters we will first explain thoroughly which materials and methods we have used
while creating the application. lkchapter 3we will discusshe design of the system and its core
processes, as well as substantiate on the made design chbicgmspter 4we will provide you with

the actual implementation of the clarified design of chaptea8well as some additionaiformation

to be able to use the system. In chapter 5 we will substantiate on our final implementation with an
overview of the testing process and the outcome of the different sets of tégiowed by the
conclusion, discussion and future work sectiénthe end of the paper you will find the bibliography
followed by the appendixes.

Chapters 2 and 3 mainly focus on the design aspect of the research questions, where chapter 4
substantiates further on this on a more technical level. Chapter 5 is usddhorate on the
substantiation on the claims made in the previous chapters, and help answering the research
guestions.

1.4 Work division

During this project we have worked in a team of two. We divided the workload into two and both
worked on our parts of theroject. Tim mainly worked on the GPS location transformation system
and Jelle mainly worked on the databdssnsformation part

The system contains other support and overarching modules which where created and tested in
cooperation. Though Jelle did flemore on the development and Tim on the testing part of the
project.

However,most work was performed togethewe assisted each other intensively during the project.
As a result, we created both the application and thesis in cooperation.
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our application. Per used material we will first discuss what it does and then what we used it for in
our application followed by one or more trnatives.

2.1 JavaScript

JavaScript is a widely used interpreted programming language, which means that most of its
implementations execute instructiordirectly, without the need to first compile the language into
machinelanguage instructions before theqgram can be run. Therefore, this language is one of the
core technologies used in the World Wide Web, alongside HTML and CSS. The language is mostly
used to make webpages interactive or to create web applicati@lavascript, sd)

There are a couple reasons that made JavaScript the programming language we have used for our
application.

1 One of the key aspects of our application is that it can be used in varying circumstances.
was very important that the apmation could be used on every computer and web browser.
This aspect was most easily achieved using the JavaScript programming language.

1 The great number of available libraries within the JavaScript programming language also
contributed towards our decisioThis wide variety of libraries available to incorporate in our
application, made the development easier and more focused on the crucial parts. Node JS,
one of the libraries usedavill be discussed in more detail in subsection 2.3.

1 The fact that JavaSctigoes not work chronically but event basgthvascript, sdAllowing
to run multiple threads at the same time, reducing our computing time.

The main alternatives to JavaScript would be to use a compiled programming languEgas C++.
However, the problem with using a compiled programming language would be that the whole
program should be initialized first before uskheuse of interpreted language gave us more
flexibility within the application.

2.2 ISON

JavaScript Object Nation is a standardized daiaterchange formatintroducing JSON, sdj is easy

for people to read and write information in JSON and easy for machines or applications to parse and
generate. JSON is a text format that is noglaage dependenfintroducing JSON, sdyhich make it

ideal for data exchange between different programs and or languages. It is built on two structures; a
collection of pairs of names and values and an ordered list of values.

We use JSON to store all the information coming into and within the application. The fact that JSON
is language independentyakesit a good fit to useas storage system within our application. It makes
interaction and implementation of and with other ajgdtions very easy and thus makes our
application more widely applicable.

Y I
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An alternative would be to set upMySQLldatabaseHowever all the attributes of our application
would then have to run on our own database. With using JSON format, we canusasgyternal

data to run the visualization part of the application, as well as communicate between the different
parts of our application.

2.3 Nodejs

Node.js is a dtware platform on which applications can be developed and rufAbout Node.js,

sd). Those applications have to be written in JavaSdiptle.js is an asynchronous event driven
JavaScript runtime and designed to support scalable network applicddmosit Node.js, sd)
However, in contrast to most JavaScript applications they do not have to be executed in a web
browser but are executed in the JavaSchHpigine of Node.jeAbout Node.js, sd)The applications

can run on any PC with Noderuntime installed. AlsdNode.js offes an alternative method of
serverside scripting with itduilt-in HTTRserver, which makes it possible to run a webserver without
the use of Apache or Light.

With the use of Node.jae were able to create a websawwithout the use of any other languages
besides JavaScrigturthermore, because Node.js is asynchronous event driMeis gives us the
opportunity to run different processes simultaneousdiycreasing the efficiency of the systewive
also used a numbarf Node.jsmodules an overview of the most importannodules used will be
given below.

2.3.1 Node.jsFile System Module

The Node.js File System Module allows the system to read, create, update, delete and rename files in
the system(Nodejs File System Module, sdjhis allows us to create a database like system based

upon JSON files, to keep track of the data available in the system.

2.3.2 Node.js HTTRlodule

The builtin HTTP Module of Node.js allows us to transfer data over the Hypef flemsfer Protocol
(Node.js, sd)In this way we are able to create a webserver, to run all the applications on. In this way
the applications can be accessible at all times and from all computers and web browsers.

2.3.3 Node.js HTT®Module

The Node.js HTTPS Module allows us to transfer traggeadof the HTTP module this type of data
transfer will be securedising a TSL/SSL protofbde.js, sd)We will preferably set up this type of
connections when setting up the database, to create a secure and safe webserver.

2.3.4 Node.js QerySring Module
The Node.js Query String Module allows us to parse post(titde.js, sd)

2.3.5 Nock.js RquestModule

The Node.js Request Module can best be described as a wrapper around Nodeijs HUiltP
module(Node.js, sd)All the functionalities it provides, can also be achieved with the use of just the
HTTP modulddowever, the Request Module makes this whole process a lot easier.



2.3.6 Node.js Gild ProcessModule

The Node.js Child Process Module allows us to create different child pro¢Beskesjs, sd)Which
allows us to rummultiple processes within one application or riariousprograms on the server.
This ensursthat if one part of the application has errors or problems, only that subprocess is
affected by these problems. The rest of the application can continue running.

2.3.7 Node.js Net Mdule

The Node.js Net module spprts interprocess communicatio(iPC) by creating a network API for
creating strearrbased Transmission Control Protocols or IPC se(Made.js, sd)In our application
we will use this module to control the ports.

2.3.8 Node.jsCSWarse

The Node.js Cparse modile will make it possible to covert CSV text into objects and arrays
(csv.js.org, sd)This module will make it possible for us to transform incoming CSV data into other
types of database structures.

2.3.9 Node.js CS¥tringify

The Nodgs CS\stringify module is the counterpart of the Node.js g&Wse moduld€csv.js.org, sd)

It makes it possible to convert data entries, arrays and objects into CSV text. This module will be used
to transform data handled byuw system into CSV output text.

2.3.10 Node.js MySQL
The Node.js MySQL module makes it possible to connect with a MySQL type of database via a Node.js
code/connection(NPM, mysql, 2019)

2.3.11 Node.js MonetDB
The Node.js MonetDB moduirakes it possible to connect with a MonetDB type of datal{dsaM,
monetdb, 2016)

2.3.12 Node.js MariaDB
The Node.js MariaDB module makes it possible to connect with a MariaDB type of dafdPasée
mariadb, 219)

2.4 GoogleGeocodincAPI

The Google Geocoding APl is an API to transform location information into geographic coordinates. It
is also possible to use the API to perform this process in reverse and receive location information
based on geographic oadinates(Google, Developer Guide, sd)

Within the application the Geocoding API will be used in checking user provided coordinates based
on the included location information as well as providing coordinates when theydmsgletely in
the provided information.

Because of this main purpose the Google Geocoding APl was chosen to be implemented into the
application. When providing the API with areas of interest, the API returns a set of geographic
coordinates based on the edg of the provided area. These coordinate sets can then be used to
check if a user provided coordinate is within the specified area.

10



An alternative of the Google Geocoding API would be to make use of the Geonames API for the
purpose as explained previousk problem with making use of the Geonames API isitisi¢adof
returning a set of coordinates for the marking of an area, the API only returns a single point at the
center of this aregWeb Services, sdjhis would requirelte application to have knowledge about
the size and shape of the geographical body of interesbe able to determine if the coordinates fall
within the expected arearheGoogle Geocoding API requires less knowldrjgereating an area of
interest. Therefore, the use of the Google Geocoding Aéducesthe complexity of the algorithm.

2.5 Database types

To make the system as universally applicable we have chosen a number of wide applied database
system types. Also, we have chosen to implement a couplexbbiesed storage applications as

those are both widely used for storage and transition of databases. In the following subsections the
implemented storage systems will be discussed and expladedent implemented database

systems are directedtalatabasetypes used for storing datasets for which thpplication vas

designed initiallyOur focus on implementing multiple databases is directed at making the software
as usable and generic as possible, so a wide variety of systems can make use of it.

2.5.1 MonetDB

MonetDBis an opersource columroriented database system, and was developed in the
NetherlandgdMonetDB.org, sd)its design is implemented in such a way that it delivers high
performance when operating on complex and extensiverges containing a very high amount of

data entries. WithirLeiden Universityhis system is used for research and storage of large databases
containing lots of different kind of informatiofurtheruse of the system will be most probable

within LeidenUniversity we have chosen to make sure the system is compatible with MonetDB.

2.5.2 MariaDB

MariaDB is one of thg 2 NImBsQhighly used database systems, coming in at a twelfth place
worldwide in populaity (DBENgines, 2019MariaDB is called a relational database management
system (RDBMS). This type of database management system saves their records in tables, with rows
containing the records and in the columns the inforrmatiwhich has to be saved per record

(MariaDB, sd)MariaDB is also mostly compatible with programs using the MySQL system. We have
implemented this system as one of the databases provided for testing the system will be making use
of this type of database management system, furthermore as mentioned previously, it is widely used
worldwide and therefore increases the chance of compatibility of our system with the to be used
databases.

2.5.3 MySQL

MySQLis,asmentioned in the previousection, alikeviariaDB. MySQ however, is even more

popular worldwide then MariaDB, coming at a second place in the worldwide popularity ranking of
databases management systef@BEngines, 2019My3)L is alsanopensource RDBMS with at its
core the SQL language to build up databases and performing qUBtySQLEnterprise, sd) At first
MySQL was mostly used by internet applications, in most cases in combination with the
programming language PHP. Nowadays it is used in many other applicilffermsve chosen to
implement this system in our application because of compatibility with other database system types.



The following two implementations are not database systemsdbetwidely used to store data and
tables. Therefore, we have chosen to make our system also compatible with these two types of
storage options.

254 CSV

The comma separated values file type is a widely used implementation to store tabular data
(examples of thiare spreadsheets and databas@spmmagescheiden bestand, sds the name
suggests it is a filetype that stores the records in rows, with the information per record separated by
a comma or other type of delimiter. The CSV ¥ipet is also compatible with Microsoft Excel and

other spreadsheetpplications. The main reason for us to allow implementation of this file type is
that a number of the provided testatabases were provided in this format. Furthermore, this type of
data sbrage is widely used and known worldwide making it a great dsds# compatible with our
system.

255 JSON

Lastly, we will discuss the JavaScript Object Notation (JSON). As mentioned in section 2.2, JSON is at
the core of our system for exchanging daetween the different operating procedurétroducing

JSON, sdJt allows for an easy and structured data transfer process between the webserver and web
applications. Furthermore, it is a language independent data formatpadh initially designed for
JavaScript. As this will be the core language used for the design of our application, incorporating
JSON also as an input/output option is of a great essence and easily implemented into the system.

2.5.6 Future implementations

Although currently the system is designed to only connect, receive input and deliver output of data in
the beforementioned database system types. The system will be designed in such a way that any
other database system type could be added to the systene of he methods this will be provided,

is by making use of the available Node.js modules for the connection with databases. Including
additional modules to increase the number of database systems the application can operate with will
therefore be possible.

2.6 GPSoordinates

GPS coordinates consist of twambers the latitude and longitude. Together these two create a
point on a magGeographic coordinate system, stf)this data is already available, our application
checks the GPS calinates, if they correspond with the countgreaor city given in the received

data. The application will perform this operation by creating a bounding box around the area, based
on the given geographic coordinates by the Google Geocoding API. |fatuénzde of the user is
outside of this box the coordinates will be improved to the center of the area. If no coordinates are
provided by the user, this information will be added by the application by again providing the
coordinates of the center of the eated box.

Two main types of storing GPS coordinates eXise. first one, calledecimal degrees (DD) expresses
latitude and longitude coordinates &sither positive or negativajecimalvaluesand are very
common in a wide array of geographic informatisystemgDecimal degrees, sdjhis type of GPS
coordinates expressing is also useailot of mapping type of web applicatigraanong which is the
Google Geocoding ARInother way of storing GPS coordinates is making @fidegrees, minutes

and seconds (DMS) type of expression for storing GPS coord{@egraphic coordinate system,
sd). Within our system we will make use of the DD type of expression for latitude and longitude



coordinatespecaug of the uniformity and ease of use. Howewse will make the system
compatible with input of both types of latitude and longitude expressioterchangeablyThe
system will translate all of the input geographic coordinates into the DD type of notation.

A great disadvantage of the DMS expression system over the DD expression system is the variation of
notation possibilitieswithin the expression system, making it hard to determine how the given
information should be interpretedDMS vs DD, 2018Possible misinterpretations that can happen:

T North/south and east/west can both come as the first coordinate
1 N/S and E/W can both be replaced by a plus or minus sign as the notation
1 Sometimes one of the 3 values in the notatityat equalsto zero is omitted

Therefore we have chosen to make our system work with the DD type of expression system,
although the system will be able to use input of the DMS sysygrm of expression



3 Design

In the followingchapterwe will discuss the design and implementation of the system dividedver
sections. In the first section we will couple the research questions and sub questions, together with
the materials and methods used in an overview in which the major design sho@de will be
discussed and explained. Following will further clarify the system by giviag overview of the

total system and its major components and processes.

3.1 Design choices

In this section we will elaborate on which choices were made when dagigime system and what

made us choose for certain implementations. We have divided this section into a number of
subsections. In each subsection we will discuss one of the choices made when designing the system
or in what way we made sure certain aspewere to be reckoned with.

3.1.1 JavaScriptNode.js
JavaScripis the language we will use when designing our applicafisrpreviously discussed in
chapter 2 JavaScript is an ideal language when creating a web application

There are, however, a couple of draacks to using JavaScript over other types of programming
languages:

91 First of all, JavaScript is relatively slow compared to a compiling programming language.
When running a compiled language, all compilations are done prior to running the program
therefore these are mostlynuchfaster at executions. The problem however is that C++ or
other languages of a similar type, do not react well with asynchronous web applications.
Which is a part of the design of our application.

1 Secondly another drawback is thadxlble typing can cause unexpected results and behavior
within the program. Sometimes problems can occur with timing certain processes, as they
will need information provided by a previous subprocess which is not finished yet. This can
cause for unexpecterksults and behavior. We are aware of these problemsandhteract
them we implementeduffer times wherpossible

As previouslynentioned,an alternative programming language for the application would be c++
However, when using c+we would have to tke into account the operating dependent libraries and
the system would be less flexible and sustainable. Another alternative would havelaegn

However, Java is not built for asynchronous web applications as well as having a less extensive
libraries aslavaScript, therefore JavaScript was the obvious choice for the design of this application.

Another software platform widely used within the system will be Node.js. This software platform will
allow us to enhance the use of JavaScript with applicationsosmally would have to use different
languages for, to create the same effect. The wide library of plugins and modules of the Node.js
system allows us to incorporate all these functionalities within our web application with only the use
of the JavaScripahguage.
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3.1.2 JSON

Within the application data is stored and send within and between modules by making use of the
JSON format. We have chosen for this type of data storage and transfer format, because it is
specifically designed for the JavaScript programrtanguage. Furthermore, it is very easy to read

and write information in the JSON format, not only for users but also for generation programs. Once
the structure of the JSON files used within the systerlear it can be very easy to create an
algorithmto generate these files for the use of the system. This will only enhance the efficiency of
the system further.

3.1.3 Modularity
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Figurel - System overview

The following design choiceebomes apparent when looking at figuteind will also be further in
detail explained in subsectiah2and chapter 4. The system and the separate modules will be
designed in such a way that they are able to work/ and cooperate together when using théetemp
system at once. However, it will also be possible that for a certain application only one of the
modules needs to be usedherefore the different modules will also be able to be used separately.
This design choice will make the system applicableniare applications and will run more efficiently
when used for targeted applications.

3.1.4 Types of connections

The types of connections to communicate within and with the system are statbeé iegend of

figure 1 and will be more in depth discussed in chapte We have chosen to make the irqgmocess
communication as universal as possible, in this way the information and signals needed per program
are very similar across modules. Furthermore, in this way it is easier for the User and other programs
to makeuse of the application. We will incorporate an APl connection to make sure external
programs can easily connect and make use of the system. Lastly by designing it in this way, it will be
easier for future implemented modules to interact with the system.

15



Other connection types are a database connection made when connecting a database to the system.
In this way the system will be able to directly perform its transformations into the connected
database system. We have implemented this in such a way that thevdble to connect with

different types of databases and that it will be possible to easily add other database systerasypes
connections. There will also be a data file In and output connection which will make it possible for an
external datafile to bealtered by one or both of the main modules.

3.1.5 Child processes

As can be seen in figuBsand 3and also explained in subsection 3.2, we have chosen for the 2 major
modules to incorporate child processes for the actual applications of the relevant motibke® are

a couple of reasons we have chosen for this type of set up for the design of these modules. First of
all, this allows for the system to run more processes of the same type at ieceasing the speed

and efficiency of the application. By rungithe same subprocesses in parallel we allow for the same
task to be processed faster and thus contribute towards the efficiency and sustainability of the
system as a whole. Another reason for choosing to incorporate child processes in this way, is to keep
the parent process free and accessible. Especially when processing large and multiple batches of data
at once, in this way the system can capture all the information at once and start with the translation
processes at the same time for all the batchegdfwouldtry to process the same information

without the use of child processes, it would take a lot more time to process all the information all the
while the relevant module will be unavailable for other requests. Therefore, the application of child
processes does not only increase the efficiency of the application but also makes the module
available for further entries while processing simultaneously.

3.1.6 GPS location data control

The locations module willebable to add and check GPS location data. Theuteaslill make use of

the Google Maps APl when checking and adding the GPS data to the existing data in the datafile.
When checking for the GPS data, the Google Maps API returns a single set of GPS coordinates when
looking for a small area or point on a mapwill return two sets of GPS coordinates when looking for

a bigger area on a map, which will contain a set of the most outlying points on the map, creating a
rectangle area containing the requested country/area/city.

After this the application will atk if the provided geographic coordinates correspond with the
returned area based on the provided information. If these correspond, the old coordinates will be
stored in the output. If the provided coordinates do not fall within the created boundingthex,
coordinates are updated to the center of the area.

The application will provide the option to make the provided set of location information binding, or
to give the option to increase the search area if possible. Providing the user the option tols=e eit
at which extend a coordinate corresponds with the given information or improves the given
coordinates as soon dlsey mismatch with the drawn area. The system will make use of a user
determined margin of error, which can be altered depending on the tyjpdata used.

There are a number of complications we will have to face when designing this part of the application.
The first one is when creating the area for the control of the GPS data, a square is created of the
outmost points. However, this is nobmpletely accurate when controlling GPS data. For example,
when looking at countries, this area can include neighboring countries or parts of the sea the country
is adjacent to. We tried to counter this problem with the design of working botipnhowevetthis

part is not foolproof and will be further discussed in the discussion.

Another complication is the fact that when working with the Google Maps API only a certain number
of requests (up to 200 euros) is free pronth which equals to around0000geolocationrequests



per month. In most cases this should be enough, but when working laitie databases it could be
the case this number of requests is being transcended. In this case the application cannot further
check/adl GPS data to the datafile for thtitne period This problem can be omitted by coupling a
bought API key to the system.

3.1.7 Database direct insert

When controlling and transforming database record information we will be implementing a database
direct insert ype of system. When using this type of database insertion method, the system will
constantly be in direct contact with the linked database system. In this way we will be able to directly
check for records and insert records into the database system, witstoting them in the cache of

our own system.

The main advantages of this type of database system type are:
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cache. In this way it will be less prone to making errors wditming the database while
making use of the system for transformations. This will increase the overall sustainability and
security of the system.

1 The second advantage is that in case the system crashes, the already handled data will be
stored in the coufed database system and will be saved. This will reduce the amount of
information needed to be done when restarting the system and continuing where the system
crashed.

A possible alternative to the direct insert database insertion method is the cache§estion
method, which has a couple of advantages and drawbacks compared to the direct insert method.

Advantages:

9 Is faster when controlling and manipulating data. As it stores everything in the cache of its
own system, this method loads and manipulatieda faster than the direct insert method.

1 Uploading bulk quantities of data will be faster when done at once instead of by using
multiple individual connections.

Disadvantages:

1 Lose all data in case of a crash. The system would then need to redattreeoperation.

91 Does not take into account that data can change in the to be connected database during the
processing of the systemwhich can result in duplicate informatiofihis can cause errors in
the database, which would be a major inconvenience.

As can be seen there are both some great advantages as well as disadvantages to using the cache
first method.However we have chosen for our system to be more reliable rather than to increase
the processing speed. When working with large databases, figf@remost must every record be
processed correctly and as reliable as possible.



3.1.8 User onfiguration files

When performing multiple dataransformations on possible multiple databases all at once, a lot of
different parameters are needed to make the pess run smoothly. By implementing a certain
standard protocol for the processing of these transformations, we will create a situation where this
will be possible and as efficiently as possible. Furthermore, because we will be making use of the
JSON type afotation, it will be veryeasyto create a simple generation program for the creation of
the configuration files for the respective modules. Overall the configuration files will increase the
usability and efficiency of the system as a whole.

3.1.9 Ul en termin&interface

When designing theystem,we will first focus on the working parts of the system. The location
transformation moduleand database transformation module will be the priority of the system.
Therefore,initially we will design the system to be vking with a terminal interface, which allows

the user togive commands via a terminal interface which the system will handle and will act
accordingly. In chapter 4 these commands will be discussed more in depth. We will also try to create
a user interfaceenvironment to increase the ease of use of the system, although this will not be a
priority of this project.

3.1.10 Error and crash handling

The system will be designed in such a way that most of the errors and crashes will be omitted.
However, when one of botwill occur, the system will need a method to deal with these types of
situations. The error handling will mostly consist of a clear signhal connection with the terminal
interface. Within this environment the user will be able to see every type of errocandhct
accordingly. Also, when working with datafiles, a separate datafile will be created consisting of the
inputted data which the system was not be able to handle.

The modular design of the system will make it possible for the system to handle chashes
sustainable and efficient way. Because of the design, it will be possible that if one of the modules or
sub-modules crashes, only that part of the application will malfunction and the rest can still continue
to work. It will then be further handled a error within the system and send signals to theminal
interface to alert the user.

3.1.11 sustainability

When designing the system, it was very important to design it in such a way that it was sustainable
and easy to be used with as much database system types as possible. Sustainability means the
system should be compatible for use of current technology aatdlthse system types as well as
easily be made compatible for any future updates and technologies. We will try to achieve this by a
couple of design implementations, of whicmamberare already mentioned in the previous
subsections. Following we will priadle an overview of the (most important) design implementations
regarding sustainability:

1 The first implementation is the modularity of the system. The major components can be used
separately or the system can work together as a whole. In this way thensystcompatible
for as many applications as possible. Another advantage of this type of design is that the
inter-process communication needs to be standardized, therefore it is easier to implement
further modules and applications for the system in theufigt

1 A second design implementation made towards increasing the sustainability of the system is
the separation of the support modules from the major modules. These modules contain
processes used by several of the major components of the system. By segdhaite



processes, they can be used in all the components by simple function calls. They will also be
easier to be used for further future design implementations.

1 When designing the database module, we designed it in such a way that it would be able to
connect with agnanydatabasesystenmtypes as possible. By making use of node.js
implementing any future database system type can be done by making use of one of widely
available modules provided for the node.js system. Therefore, it will be possible thause
system, with some alterations, with almost any database system type available.

9 Lastly the design to let the two major components make use of child processes contributes
towards the sustainability, as also already mentioned in 3.1.5. By keeping thet paiocess
available for handling the requests from the user or API and creating one or multiple child
processes per request, it keeps itself available for further requests at all time. In this way, the
process will be able to handle much more requestthatsame time and work much more
efficient.

3.1.12 Hficiency
To increase the efficiency of the systggcouple of design implementations will be made. These
implementations will have an impact on the overall performance of the application.

1 The first implementtion is that of the abovementioned child processes. By implementing
this type of processing, we will be able to perform multiple processes, transformations and
calculations at the same time using multiple cores at once. This will increase the speed of the
overall process.

1 Another implementation to increase the efficiency of the system is that of the pipeline that
will be created in the location helper process. As can be seen in figtiterd exists a
constant interaction between the file processor unit and that of the location check and
correct unit. We will implement a pipelined structure to increase the efficiency of this
interaction. This will increase the speed of the overall preagghe location helper and
location modules.

1 Lastly, we will make use of user configuration files to streamline the process beforehand.
This will make it possible to increase the speed especially when processing large amounts of
information. By initialimg all the transformations to be done beforehand in both the
database and locations module, the system can then as efficiently as possible process all the
data in a reliable and fast way.
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3.2 System overview and major components

In the following section & will discuss the major processes, components and data flows within the
designed application. We will first discuss a rough overview of the overall system, followed by a more
in-depth overview within the locations, database and webserver modules.

3.2.1 Systenoverview

The system is designed in three major components. First of all, run.js is the center of the program. In
most cases, the user will connect with the system through this component to faetker use of the
different modules. Run.js establishes a geation between the user and the system gigerminal
interface, handling the commands given in the command prompt. Also, a web connection is created
between the user and the locations and database modules viavdieinterface The web interface

is hostal via the webserver moduldt will also be possible for an external program or web

application to connect with the system via an API connection as can be seen irlfi§ur¢hermore,

a userwill be ableto connect directly to one of the modules via tteminal interfaceif desirable.

Whenstartingthe program Run.jgnitiates all the processes and constantly interacts with the main
modules viawo types of connections.

1. Commandchannelwill be transferred from the user to the concerning module via the run.js
module.

2. Lod signalchannelwill be transferred back from the modules towards run.js to be send back
to the user. A further explanation of the logad signalgan be found irsecton 4.

Run.js besides translating instructions from the user for the modules also handles thepstrt
crash handling of the system. In this way the system will not crash completely in case of crashes or
errors in one of the main modules or their chitbcesses.

3.2.2 locations module
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! 1 —_—> Commands
Location transf i dul Location transformation
Ocation transtormation module helper module 5
oy Log / error
4 1Y o «—> Http / htps
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configuration Children L configuration
> o|  Webserver —l Child process
E i AR l » Location check/ €
corect > Database connection
Interacts with

< —> Function call
_— Process flow

Google H
2P .‘—J

Figure2 - Location module overview

The locations module handles the process of transformation and validation of the coordifigtes
connecteddatabase fileanoverview can be seen in figuge Theuser and/or the run.js module will
connect with the module through a terminal interface and a webserver connection. Via these
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connections the user will be able to send commands towards the module and connect or insert their
data with/into the systemForevery file that has to be processgtie create childunctionwill

create a chilgprocesswvhich will perform the actual check and transformation process. All the

settings needed for the module to work in a proper way need to be specified in a configuiitio
(which will be discussed in chapter 4). Within the locatiefper (the child process) every file that
needs to be processed will be handled by its own localielper process. This setup ensures the
greatest efficiency and keeps its parent procepen for further requests.

Within the location helper process the file processor unit will transform the input file in such a way

that the location check / correct unit can process the information correctly. The location check /
correct unit thencreates an http connection with google to perform the actual check of the data and
sends the received data back to the file processor unit. The connection between the file processor

unit and location check / correct unit is a pipelined connection to ireedhe speed and efficiency of

the process. Once the data is checked and again processed by the file processor unit it is then send to
an external output file to be received by the user or API. Also, if in any case a part of the data did not
process correty, these will be outputted to another external datafile with a summary of the data
containing errorsThe DMS/DD transformations and check will also be done by the location check /
correct unit.

During and at the end of the child processes signals amnlbeing send back to the TTY / terminal
interface of its parent process. Which will then communicate this information back to the run.js
module or directly back to the user.
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3.2.3 Database module
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Figure3 - Database moduleverview

The database module will handle any type of action regarding the adjustment of databases or
database files. It is possible to mergied usedifferent tables and databases at oncea@atethe
desired final productThe design bthe database module can be fouatiovein figure 3.

Like the locations moduj¢he database module connects via a terminal connection and webserver
connection with the run.js moduler user. The webserver unit and terminal unit of the module will
via a pogram flow connect with the check config componehhis component will check the settings
as stated in the configuration file. This configuration file will be created by the user or can be
generated via another program. In chapter 4 we will describeptieeise layout and information
which has to be stated in the configuration file.

Once the configuration file is checked and implemented, the check config unit sends signals to the
create children unit. This unit creates child processes for the transfoomatfithe to be processed
database files, as stated in the configuration file. Every process will be handled separately. By
creating childprocesses, the system can handle multiple processes at once and will still be able to
fetch requests. Therefore, thenhances both the sustainability and efficiency of the system.
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Finally, when the child processes are finished and all the data is processed, the log / error check unit
fetches all the signals send by its child processes and sends these to the TTY teritnaral

webserver API unit. When any errors have occurred, the arooles will be added by the log / error

unit.

Finally all the data igyathered and information (signals and log) is send back to the user or run.js.
And via the web connection to thelotr connected modules or API connection.

3.2.3.1 Database helper module
The design of the database helper module can be fouridjime 3.

The database helper module will handle the individual processes within the file. It will check for
duplicates and/or errorand save the made alterations in a datafile. The process will start with a test
of the connection, to make sure the processes can be started. First via a direct insert method the
process records are created and the data is checked for duplicates and legfore being inserted

into the datafile. It will also be possible to create a connection with an external database to directly
handle the process from an external database. The types of database management systems the
system can connect with are describ@dsection 2.5. Finallyhe altered and checked data is sent

back to the parent process to be mergadd checked for errors one final time

3.2.4 Webservemoduleand web client

The webserver module can also be seefigare 1 Although clearly visible in the layout of the
system, the webserver module is not considered one of the main modules of the system. The sole
purpose of the webserver module is to host the webserver and elielnt. From there the welzlient

can connect with the locations and database modules.
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implementing a welinterface, it will be easier for users to use and iraet with the system.

3.2.5 Support modules

As can be seen iigure 1a unit called Support Modules is connected to the system as a whole via
function call connections. These modules are part of the system, but created in separate smaller
modules to support the system. Mostly these modules consist of functions which hdtiplenu
applications throughout the system. Therefore, separating them from the major modules and making
them operate individually, is much more efficient and increases the modularity and sustainability of
the system. All the support modules and their fuoas will be discussed more in depth in chapter 4.
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4 Implementation

In the following chapter & will discuss the implementation of the design as mentioned in Chapter 3.
We will discuss per part of the design, the implementations made to make the systemvlade and

its parts individually work. Furthermore, we will also discuss a couple of user related aspects of the
design, such as the different types of commands, the reported logs, warnings and errors and the
initialization and working of the configuiian file. All this information is needed to properly work

with and understand the system.

4.1 Terminal interface

The terminal interface will be the communication channel between the user and the system. In the
following section we will discuss the types of coands, arguments and logs a user can use and
receive to communicate with the systery.detailed description on how to sep the use of the
application and how to use the application can be found in appefdixdBor in the files

configuration and set uguides.

4.1.1 Commands
Commands being used within the application.

exit Closes a process.
Ydzi S wmZI HMakes E possible to mute the logs of helper processes.

process filepath Lets a file being processed by the systéne user needs to define the
filepath to the file that needs to be processed

[verbose 0]1]2|3]4] Change the type of log a user wants to receive
When using run.js to run the whole system it is necessary to add modules to commands:

run|database|locations|webserver [command]

Commandsaised when starting the application

node run|database|locations|webserver Start the application
Arguments

-[verbose0|1|2|3|4] Choose log type.

-[noColor] Turn log colors off.

-[noFormat] Turn log format off

-[customcfdfilepath] Turn on owrconfiguration settings.
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41.2 Log
We differentiate between 5 log types: (used with the command verbose []

:ERR Error messages.
- WARN Warning messages
- INFO Information messages.

: DEBUG  Debug messages.

A W N +—» O

: DATADMP Data print messages.

Whendefining the type of log using the verbose command, all message types with lower number will
also be shown in the outputted log.

4.2 Command and Data flows

When using the system, commands and data flows throughout the system. To give a better
understanding akiow these program flows operate within the application, we will give an overview
of the general command flow, the APl command flow and the dataflows of the two main modules.
This will provide a clear overview of how the commands and data are being hdnathd system.

421 General command flow

Legend
Process target file
Handle user import Open target file (check)
I:l operanon

O User IO

Wait
Fetch result from Print/ generate
helper resull Program
direction

Figure4 - General command flow overview

Splitinto separate

Send helpers data Create helpers
sets

In Figured above is the general command flow given. Every command will be handled by the system
in the following way, regardless of the functionality of the system used by the Usgry this
standard flow createa clear process and makes it easy to find errord tatkle the right processes.
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4.2.2 APl command flow
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Figure5 - APl command flow overview

In figure5 the overview of the API requests command flow is given. It is possiplertorm

operations with the system via API process resfuAs can be seen in figusewhen performing an

API process request, while creating the helpers, an API key is generated. This key is then stored in the
key result storage, where eventually the results of the operations will also be stored to be retrieved

by the user. The user caiew the progress and result of the performed operation using the given

API response key as generated when creating the request. As can be seen i, figea using the

API key to request results, a look up of the key storage is performed. When this resufinalized

by the underlying processes, these will be given as a response. If the results are not yet stored in the
key result storage, a wait message will be given as a response. The user will be able to reperform this
until the results will be give



4.2.3 Database data flow
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Figure6 - Database module data flow overview

In Figures above, the data flow within the database and database helper modules is stated. As can
be seen the modules make use of two types of storageseftrds. The first one stores the type of
instruction given in the configuration files; the second storage is of a temporary record which stores
the modified data along the process. If the process fails to retrieve the external data from the
database it wi give out a message that the row or object processing has failed. If the external data
could be retrieved, the select statement with the proper instructions and saved record is being
executed. When found in database, the process is finished and a sueessage will be given. In

the case that the values could not be found in the connected database an insert statement with the
given instructions and temporary data will be performed. In case this process succeeds or fails a

corresponding message is given.



4.2.4 Locations data flow
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Figure7 - Locations module data flow overview

The dataflow of the locations and location helper modules is given in Figéx®can be seen, this
process also uses two types of temporary storages. Téiediire stores the set of instructions as

stated in the configuration file. The second storage consists of the temporary storage of the object to
be added to the output file. The temporary storage of the object constantly alters during the data
flow processwvhen information is added or altered

The bottom part of figur& describes the process after a google API request has been made. A
couple options arise, if the process response failed. Either another attempt is made with a less
detailed substring of thegiven name or no more attempts are made and the output is stored as is. If
the process response succeeds, the coordinates are checked. In case of a match the old coordinates
are stored and an object is generated.

If the process response succeeds but doesmatch with the provided coordinates 2 possible
options are provided, depending on the settings (FavorNames) as provided by the user in the
configuration file.

If FavorNames is set to false, a smaller subset of the provided location informationnsatatkeised
for a new Google API request. This will be repeated until a match if found or it is no longer possible to
take smaller subsets. The last used location information subset will be stored as the used name.

When FavorNames is set to true, the location information set in bindihgs,in case of a mismatch
the new coordinates are saved together with the old location information and put into the output
file.



4.3 User Instructions

In this subsection we will furthexlaborate on the use of the previously outlined modules and

working of the system as a whole. We will make use of examples to provide an overview of the
working of the application from a user perspective. The section will be divided into two parts, one to
describe the process to check and improve geographic coordinates and another for the importing
information into existing databases.

4.3.1 Locationsnodule

A couple of files need to be provided by the user in order to be able to process the datasets. These
filesare:

1 The input datasets in csv or json formabntaining at least one fieldenoting the area
information.

1 A configuration file containing the settings to process the input datasets. (The description of
this file can be found in Appendix B. The proces®adow to write such a file can be found
in Appendix C).

1 (In case of an API request, one needs to define a JavaScript file containing a script for an API
request. The API endpoints and process are described in both Appendix A and C.

A detailed examplef how to perform the whole process can be found in Appendix C.

4.3.2 Database module

To be able to perform operations on datasets and insert these into the coupled database systems a
couple of files need and connections need to be made:

1 Aninput file containingtte information which needs to be inputted in the connected
database system.

1 A configuration file containing the settings to process the input dataset and insert it into the
connected database system. (A description of this file can be found in Appertix B.
example of how to write this file can be found in Appendix C.)

1 A connected database system.

1 (In case of an API request, one needs to define a JavaScript file containing a script for an API
request. The API endpoints and process are described in bothréippA and C.

A detailed example of how to perform the whole process can be found in Appendix C.



4.4 Main modules

Inthis subsection we will discuss the main modules, which control and operate the system and its
core functionalities. For every module welMirst discuss its core operation, followed by its
underlying functions, the internal and external connections and support modules it uses (a
combination of library support modules as well as-sel§igned). In the database and locations
module this isdllowed by an explanation of the user configuration files.

4.4.1 Run module

44.1.1 Operation

The Run module is the heart of the system. This module controls the other modules and makes sure
they keep running. Furthermore, it handles the information @edmands channels between the
modules and the terminal interface.

4.4.1.2 Functions
typeStrToNrtransforms log type to number.

processChildMessagarocesses the messages send by child processes.
checkOpenClientseturns if there are any clients open to be usedty system.

crashHandleaeturns error messages and handles the crash handling of the other modules. This can
be set up to let modules crash alone or let the whole system shut down together.

databasecreate client process for the database module and hobk# tevents

webservercreates the client process for the webserver module and hooks their events
locationscreate the client process for the locations module and hooks their events
closeAllClientss a function to close all the client processes.

shutdownTimer checks every increment of time for a possibility to shut down.
parseUserlnpuis a function to parse user input and translate to usable signals for the system.

4413 Connections

The connections within the module are process connections. When communicatingtiwer

modules and the user, the run module handles command channels, log channels to and from the
user and the other modules and the creation of child processes.

4.4.1.4 Support modules
The run module makes use of thegs interfacesandchild processesuppot module.

4.4.2 Database module

4421 Operation
Setting up the process for the database transformations by controlling the user configuration file,
testing of the connection and creating and handling of child processes.
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4422 Functions

parseMessag@arses the messages from the parent process (run module). Only in case if run as
client process.

parseUserlnpuparses the messages given by the user, in case of both-aland and when using
the run module.

afterlnit handles the actions after the initialization of the process configuration, and handles errors.
testConnectiontests the connection with the external database.

processConfFilprocesses the user configuration file.

handleAPlInstructiorhandling of the ARkequests made via the API support module.

4.4.2.3 Connections

Internal connections within the module are process flows and log. External connections are create
child-process connections both incoming and outgoing. http connections, command and log
channels.

4.4.3 Suppot module

The support modules used by the database module guerystring args AP config, exit, helper,
interfacesandtypehandler.

4.4.3.1 User configuration

The database configuration file is a file made by the user to streamline the database transformation
processThereadme fileand configuration syntax guidean be found imespectivelyAppendixA and

B. The file contains a set of datasets, defined by the square brackets [ ]. Each set (defined by curly
brackets { } ) contains a database item and a data se

The database item contains information regarding the database settings:

GK2aldéyY GKS &ASNWUSNI I RRNBaa ¢6A0GK gKAOK (K
GLRNIOEY GKS LBRNI dKS a S C
Gdza SNEY dzASNJ t 23Ay AYF2NXIGAZY O6GSEGO
G LI & & dpaswBrd 1¥gin informatiortéxt)

GRIFGFrolasSéy RIGIoFrasS Gelws oGSEGO

=A =4 =4 -4 -8 A

(text)
The data item contains sets with the following information:

T adl of S€Y U Kis tablée i whiglythe Yn®rmatién needs to be stored.
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f aARéY GKS GFofSL5 2F (G4KS {(lF16fS Ay 6KAOK GKS
T aYSGK2RéEY A& Ly AGSY O2yidlAyAy3d GKS .22tS8Iya
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o alieLsey
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T ¢KS fFad AGSY Ay RIEGIE GKS aYlFLIWAyYy3I6N) AGSY GKAC
mapping item(s), which contains:
0 Aa2dz2NOS¢yY (GKS yIFrYS 2F (GKS a2dz2NOSTAL S

4.4.4 Database helper module

4.4.4.1 Operation

Links input to the transform support module and creates SQL code to be inputted in the external
database. The module does this by using a substtteofiser configuration file as its settings.

4.4.4.2 Functions
parseMessagéandles messages received parent process.

stringDBTypeToNumTypeansforms stringtype into a numbertype, for internal use.

chooseNullStmthooses the right statement from a predeterminkst of statements according to a
possible occurrence of NULL in the values.

giveConnectionObjecgienerates an object for the creation of a connection to an external database.
checkAllFinishedhecks if all records are processed.

createConnectiongreates database connections.

prepareConnectiongrepares database connections.

direct_insert_flowgeneral program flow for direct insert method of database insertion.
executeExtStmtexecute select statements on external databases, for getting exteata¢s.
executeSelStmexecute select statements to input database.

executelnsStmexecute insert statement to input database.

checkDonechecks if all records are processed.

printResultscreates log messages with the results.

checkTargetehecks if the configuration file is valid.

4443 Connections

Internal connections are a log stream and process flow. External connections consist of child process
connection, log stream, data stream and databaonnection.

4.4.4.4 Support modules

The support modules used by the database helper moduleray&QL2, monetDB, MariaDB,
csv_parse_streantjlesystem args databasesqlgenexit, interfaces transform andtypehandler.



4.45 Location module

4451 Operation
Interprets the user configuration file and splits up the commands accordingly for the to be made
helper modules.

4.45.2 Functions
processConfFilprocesses the user configuration file.

processDataseprocesses the dataset part of the configuration file and creates helperegs
accordingly.

ProcessMessagprocesses the received messages.
parseUserlnpuparses user input given and executes accordingly.
handleAPlInstructiorcallback function for process specific API handling.
configCallbackn case of error with configuration file, report will be given.

4453 Connections

Internal connections within the module are process flows, signals and log. External connections are

create-child-process connections both incoming and outgoing. http connectiom®mand and log
channels.

4454 Support modules
The support modules used by the location module &itesystem AP args config, exit, helper,
interfacesandtypehandler.

4455 User configuration
The location user configuration file is a file made by the userrmsiline the data processinghe
Readme fil&Configuration Syntax Guid&an be found imespectivelyAppendixA andB. It contains a

datasets item which is initiated using square brackets [ ] . Within the datasets item, multiple datasets

can be defined bthe user. Each dataset be defined by braces { }. Within a dataset a number of
settings need to be defined:

f daz2dzNOS¢yY GKS LI GK G2 GKS FAES O2yialAyAy
(text)
f adl NBSG¢é¢Y GKS LI (&teradataivil Be sored @xt)A y 6 KA OK
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information regarding the location (e.g. Country, City, Area)
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4.4.6 Location helper module

4.46.1 Operation
Parsing of the input file and correcting and adgof GPS location data to the output file.

4.4.6.2 Functions
process_configprocesses the part of the configuration file needed for the specific child process.

create_csv_header_oh§ a constructor for default header object, used by CSV input and output files.
get_csv_headers_from_filémport csv header information from external import file.
get_json_headers_from_filémport json header information from external import file.

finishis the callback function for the general process execution of the child procestapping the
child process.

run initiates the child process and makes sure the pipeline and actual location checks are executed.

4.4.6.3 Connections

The internal connections of the module consist of process flow and data streams. External
connections consist ofreate-child-process connection, log stream, http connection with the google
API and data streams.

4464 Support modules
The support modules used by the location helper module ese: parse, csv_stringifiargs exit,
interfaces typehandler, coordinates JSONstream and JSONSstringify

4.5 Supportmodules

In the following subsection we will discuss the support modules present within the system. These
functions can be referenced and used by the main modules and their helpers. Forsalpiat
modules, we will first discuss the goal of the module and then elaborate on the subprocesses it
consists of.

4.5.1 APIModule
Hosting of a webAPI and making it possible for modules to interact with each other and external
applications.

4511 Subprocesses
addinterfacesconnects interfaces module to the APl module.

SetSSkets theSSlkey and certificate and restarts the API server if active.

SetNoSStorce disables SSL, can be used both as not set88jin the first place as well as
disablingSSlper userequestand restarts the API server if active

setPortwill parse the given port and saves thisd restarts the API server if active
getPortreturns the port the API servewill run at.

checkPortwill check if a certain port is free to use.
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startServerwill start the API server.

setAddresswill set the address at which the API server runs.

getAddresawill return the address the server is running at as [protocol://hadtress:port).
closeServecloses the server.

restartServerestarts the server.

45.2 ArgsModule
Interpreting and processing of the arguments of the system when detected and also generate a list of
argumentfor the helpers.

45.2.1 Subprocesses

setExpectediefining the actions for certain arguments. The parameter contains an object which
consists of amefunction pairs, where the name describes the argument and the function is the
action to be executed when the argument is encountered.

setHelperExpectedlefining the actions for certain arguments within helper functiorise
parameter contains an object with namlue pairs, Were the name is the argument and the value
the number of reserved value spaces behind the initial argument.

getAllArgsreturns alist of all the arguments.

getHelperArggseturns a list of all the arguments filtered for a helper process.
addHelperArgsnsert a certain argument to the helpargument list
clearHelperArgsleletes all helper arguments from the list.

removeStripesgemoves the addon stripes for arguments. To be used internally only.

checkArgsontrolsthe arguments of the process, and checkrédsent in the expected arguments
list and executes the functiomssociated with the argument.

45.3 ConfigModule
Interpreting the process configuration files and adjusting and checking the settings accordingly.

4531 Subprocesses
setSpecialPropsets the module specific properties to be expected in the config file.

addInterfacesconnects interfaces module to the config module.

parsePropertyparses the properties as stated in the user configuration file to be used by the
program.

openFileopens gorocessconfiguration file with a certain filename.

4.5.4 Databasesglgen
Generating o5QLcodefrom given properties



4541 Subprocesses
typify changes the datatype of a variablettee right datatype.

query_select_simplereates a simple select query using string table (table to access in the
database), array items (the items in the tapleulls @ bit array encoded as a number), parameters
(the where clause of th8QLfunctions).

guery_select_simple_valuesreates a sirple select query using string table (table to access in the
database), array items (the items in the table), array values (values of the items) and optionally array
types (types of the values).

guery_select_all_simplereates a simple seleatl query usimy string table (table to access in the
database)parameters(the where clause of th&QLfunctiong andnulls (a bit array encoded as a
number).

qguery_select_all_simple_valuezeates a simple select all query using string table (table to access in
the daabase), parameters (the where clause of ®@Lfunctions),array values (values of the items)
andoptionally array types (types of the values).

guery_insert_simplecreates a simple insert query using string table (table to access in the database
andarray items (the items in the table)

qguery_insert_simple_valuesreates a simple insert query using string table (table to access in the
database), array items (the items in the table), array values (values of the items) and optionally array
types (types ofhe values).

guery_update_simplevhich contains an update query where values will be escaped by the database
handler. The query uses string table (table to access in the database), array items (the items in the
table), where (the where clause of ti8QLfunctions), nulls (a bit array encoded as a number),
relations (in what way the values comparedach othe}

query_update_simple_valuew/hich contains an update query where values will be escaped by this
module.The query uses string table (table to access in the database), array items (the items in the
table), array values (values of the items), parameters (the items of the where datie=SQL
functions),parameter valuegthe values of the where clause of tB®Lfunctions), relations (in what
way the values compare ®ach othe}.

45,5 EitModule
Shutting down processes and helper processes.

4551 Subprocesses
addinterfaceconnects interfaces module to the exit module

addHelperModuleconnects the helper module to the exit module

exitProcesss a function to shut down processes, using an exit code and timerdate a delay for
output to flush.

exitProcess_unbindeds the same agxitProcessvhile not relying on its own properties for
execution. Used for standalone processing.



4.5.6 Helper
Creationof child processesgndhandling and sendingiessages$o child processes.

45.6.1 Subprocesses
muteHelpermutes a helper with a certail

setHelperFilesets the file to be executed as helper process.
checkCallbackshecks if certain callbacks are set
addInterfaceconnects interfaces module to the helper module.
createHelpercreates a helper process.

haltHelpersgives all helper processassignal to stop.
killHelperforces a certain helper process to stop.

getActiveHelpergeturns a list of the active helper processes.

4.5.7 InterfacesModule
Handling the generation and sending of messages. Making them the right format, message, color etc.

45.7.1 Subpocesses
setMastersaves if the process is activated by the user or is initiated by another process.

disableFormaturns of the formatting of the log stream.

setDisableColoturns of the color coding of the log stream.
setProgramColosets a certain color in the log stream.

setProgramTagets the name of the used module in the log stream.
log_dd/d/i/w/e couples the log message and messgge and logs a message.

requestPropertysends request to the parent process for a certain property of a certain module.

4.5.8 TransformModule
Handles the transformation of database file input.

4581 Subprocesses
connectlnterfacessonnects the interfaces to the transformodule.

transformSourcdransforms a data input into another data type accordioghe given array.

4.5.9 Typehandler
Determining, controlling and processing of the typevafiables

45.9.1 Subprocesses
check_definecchecks if the object, array, string, numberRBwolean islefined.

now returns current date and time
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time returns certain time

date returns certain date

datetime returns certain date and time

integer returns integer

hexreturns a hexadecimal

float returns a decimal number

string turns the giverinput into a string

bool transforms input into a Boolean type

check_typechecks the data type of a certain input

create_copy_of_objectreates a literal copy of the object, since objects are passed by reference.
set_default_reference_objecsets object to which another object can be referented

check_similar_objectompares objects by properties, to see if they are the same data type
reference defined, it uses the default_reference_object.

check _equal_objectheck if objects are of similar type and then if they are equal in viine
reference defined, it uses the default_reference_object.

fill_object_gapdfills gaps in the bject by filling it using the reference, note, this does not trim or
expand the objectlf no reference defined, it uses the default_reference_object.

expand_object_towill add missing properties and set unset propertiéso reference defined, it
uses he default_reference_object.

trim_object_to will delete properties from object if they are not found in the referentfano
reference defined, it uses the default_reference_object.

sanitize_htmlremoves HTML tags from the inputted string.

4.5.10 Coordinatesviodule
Readingandtransforming of GPS coordinates data.

4,5.10.1 Subprocesses
getCoordFromStringeturns coordinates from an input string.

convertDMStoDDvhen DMS type of coordinate notation are found, they are then converted to DD
type of coordinate notationfor sgarated latitude and longitude type of notation

convertsingleDMStoDvhen DMS type of notation is delivered in a single string, this function splits
the input data into two separate stringdnd converts to DD type of coordinate notation.

4.5.11 JSONstrearlodule
This module converts stringified JSON to a streaiaeéScrippbjects. Only supports a simple JSON
array.
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45.11.1 Subprocesses
createJSONstrearoreates a JSON stream object

transformFuncexecutes the transformation of stringified JSON&vaScripbbjects.

4.5.12 JSONstringifiylodule
Convert a string of JavaScript objects to a stringified JSON stream.

45.12.1 Subprocesses
createStringifyStreantreates a stringified JSON stream object.

objectToStrconverts a JavaScript object to a stringified JSON stream.
transFuncparent function of the objectToStr function. And prints start of array if needed.

flushFuncprints end of array.
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5 EXxperimets

In the Experiments section we will discuss the tests we have performed to further substantiate the
design choices and implementations as stated in the previsasections First,we will deliberate

on the support modules, for which we have createdidationtests tocheck the working of each of
these modules. Following, we have created efficiency tests for both the locations and database
modules. These efficiency tests will test the speed and accuracy of the application for different
sample sizes and perceig@s of correct data.

5.1 Support modules validation tests

5.1.1 Interfacevalidationtest

The interfaces module makes sure all the messages to the terminal are communicated to the user in
a clear manner. The validation test performed for the interfaces mqdests if with the proper

settings the right information is being shown.

The performedest can be found in Append®.], the results are shown below:

1) Show all

2) Show ERR message:

3) [2019 - 07- 27|16:00,15.675|TestProgram] ERR This is an error

4) Show WARN message:

5) [2019 - 07- 27|16:00,15.676|TestProgram] : This is a warning

6) Show INFO message

7) [2019 - 07- 27|16:00,15.676|TestProgram] INFO: This is an info message
8) Show DEBUG message

9) [2019 - 07-27|16:00,15.676|TestProgram] =This is a DEBUG message
10) Show data dump

11) [2019 - 07- 27|16:00,15.677|TestProgram] DATADMPVariable: datadump =

['data","data","data"]
12) Below there should not be any DEBUG or data dump:
13) Show ERR message:

14) [2019 - 07- 27|16:00,15.677|TestProgram] ERR This is an error

15) Show WARN message:

16) [2019 - 07- 27|16:00,15.677|TestProgram] : This is a warning

17) Show INFO message

18) [2019 - 07- 27|16:00,15.677|TestProgram] INFO: This is an info message

19) Show DEBUG message
20) Show data dump

21) Below there should only be an error
22) Show ERR message:
23) [2019 - 07- 27|16:00,15.678|TestProgram] ERR This is an error

24) Show WARN message:
25) Show INFO message
26) Show DEBUG message
27) Show data dump

28) Show all messages without color.

29) Show ERR message:

30) [2019 - 07- 27|16:00,15.679|TestProgram] ERR: This is an error

31) Show WARN message:

32) [2019 - 07- 27|16:00,15.679|TestProgram] WARN: This is a warning

33) Show INFO message

34) [2019 - 07-27|16:00,15.  679|TestProgram] INFO: This is an info message
35) Show DEBUG message

36) [2019 - 07-27|16:00,15.679|TestProgram] DEBUG: This is a DEBUG message
37) Show data dump

38) [2019 - 07-27|16:00,15.679|TestProgram] DATADMP: Variable: datadump =

['data","data","data"]

As can be seetine 6 to 16 should show all message types with color coding. Line 17 to 25 should
show all message types except for the DEBUG and datadump message, with color coding. Line 26 to
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32 should only show a colaoded ERBR message. And line 33 to 43 should show all messages
without color coding.

As can be seen in the above shown output, all settings work as expé@tted:fore we can conclude
that the interfaces module works as expected.

5.1.2 Typehandler validation test

Thetypehandler module is used to check for similarities between objects. The module compares t
objects and the items of the second object should also be present in the first object. To validate the
working of this module a test was created, to see how thradaie would react to certain inputs.

Also, an expected answer would be given, if both outputs would be the same, the module works

properly.

The code for the typehandler validation test can be found in Appe@diXThe test resulted the
following output:

Expect output true:

true

Expect output false (failed on key count):

false

Expect output false (failed on not having required keys):

false

Expect output true (original may have more properties than reference):
true

Checking copy and equal

COpyIng {"a":"nee", “b":“ja“}

Expect this obj to be the same: {"a":"nee","b":"ja"}

Expect compare to be true
true

The firstcomparisonshould result in true as the second object contains items of the same type as are
present in the first object. The second and third compares should evaluate to false for respectively
containing more items than the object being compared to and not haviagsame properties as

object being compared to. The fourth instance compares a bigger object to a smaller one, which
evaluates to true because the second object only contains items which are present in the object it
compares to.

Also, the functions copyna equal result in similar objects and work properly.

Thus, as can be seen above, the typehandler module works properly and gives the expected results.

5.1.3 JSON stream and stringify validation test

Apart from the CSV node module which is an implemented moafulee Node.js systemnthe
application needed a similar module for the use of JSON inputTilesefore, a similar module w
created to transform JSON streams to a stringaMaScripbbjects and the other way around. To
validate the working of these ntmles we created a simple test which would transform a jesh
file into a stream ofJavaScripbbjects which would then be transformed into a new json file.

The code for the test, as can be found in Appe@ik would evaluate into the following regal

testjsonstream.json

[
{
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"Sample_pk" : "SAM000292"
"Sample Name": "S075",

"Country" : "Argentina"
"Location" : "Arroyo Los Notros"
"Latitude" : -112.6346,
"Longitude" : O,
"Amount": 461

3

{
"Sample_pk" : "SAM000298",
"Sample Name": "S081",
"Country" : "Argentina"
"Location" : "Camino a Que?i" ,
"Latitude” : -111.8066,
"Longitude" : O,
"Amount": 516

}

json_stream_output.json

[

{
"Sample_pk" : "SAM000292",
"Sample Name": "S075",
"Country” : "Argentina"
"Location" : "Arroyo Los Notros"
"Latitude" : -112.6346,
"Longitude” : O,
"Amount" : 461

12

{
"Sample_pk" : "SAM000298",
"Sample Name": "S081",
"Country” : "Argentina"
"Location” : "Camino a Que?i"
"Latitude” : -111.8066,
"Longitude" : O,
"Amount": 516

}

The expected result would be for both files to be exactly the same. As can be seen abovéhand in

files, both files contain the exact same information. This means that both the json stream and

stringify modules work properly.
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5.1.4 DMS to DD transformation test

Thefollowing validation testvas to check if the transformation of DMS to DD type GPS patati

within the system performs correctly. We have created a test with 8 different notations, which all
have to translate to the same coordinates. These are also the only types of coordinate notations the
system will be able to handle.

The performed test cahe found in Appendic.4 The test delivered the following results:

coord_1 (52°14'36",5°38'3") evaluates to: 52.24333333333333,5.634166666666666

coord_2 ( -52°14'36"S,5°38'3") evaluates to: 52.24333333333333,5.634166666666666

coord_3 (52°14'36", -5°38'3"W)  evaluates to: 52.24333333333333,5.634166666666666
coord_4 ( -52°14'36"S, -5°38'3"W) evaluates to: 52.24333333333333,5.634166666666666
coord_5 (52°14'36"N,5°38'3"E) evaluates to: 52.24333333333333,5.634166666666666

coord_6 ( -5°38'3"W,52°14'36"N) evaluates to :52.24333333333333,5.634166666666666
coord_7 (5°38'3"E, - 52°14'36"S) evaluates to: 52.24333333333333,5.634166666666666
coord_8 (52.24333333,5.63416667) evaluates to: 52.24333333,5.63416667

The first 7 notations are some type of the DMS notation system.syhtem should be able to check
if the E/W or N/S notation comes first and should be able to handle negative values. Also, it should
not matter if the latitude or longitude notation is ended with N/E/S/W or not.

As can be seen above, all coordinates eatuo the same location. Therefore, we can conclude that
our DMS to DD transformation module works as expected.

5.1.5 Database SQL generation validation test

For the database module to operate properly, the SQL database operations need to work as
expected. A &lidation test was created to test the working of these operations. The code for this test
can be found in Appendi2.5 the results are stated below:

Expected: SELECT id FROM testtable WHERE (item1 = ? AND item2 = ? AND item3 =?)

SELECT "id" FROM ‘testtable’ WHERE (item1" = ? AND ‘item2’ = ? AND ‘item3’ = ?)

Expected: SELECT * FROM testtable WHERE ( item1 = ? AND item2 = ? AND item3 =?)

SELECT * FROM ‘testtable’ WHERE (‘item1" = ? AND ‘item2’ = ? AND item3" = ?)

Expected: INSER T INTO testtable (item1, item2, item3) VALUES (?,?, ?)
INSERT INTO “testtable” (item1’,"item2’,’item3’) VALUES (2, ?,?)

As can be seen above all the expected commands were also plotted when performing the operations.
Therefore, theDatabase SQL generation module works properly.

5.1.6 Transform validation module

Another essential support module for the database module to operate is the transform module. This
module handles all the data transformations stated in the configuration filesvas ¢y the user. A

test file was created to validate the working of this module. The code of this test file can be found in
AppendixC.6 The results to these tests are stated below:

transform types initial value float (1.2), expect string, number (whole) , humber
(comma), boo

lean

al:1.2 - string

a2:1 - number

a3:1.2 - number

a4: true - boolean

transform regexes, input string abababa, regex = a
a5 a

a6:a

a7: null

transform numbers, modulo div and div - float, input is 10, other input 4



Expect 0 (20%4), 5 (20/4) and 0.5 (20/40)
a8: 0

ag9: 5

al0:0.5

transform char and substring tests: string abcd
all: abcd

al2:cd

tranform condition and value test

expectb and c

b

c

The tests with results ad.a4 are type transformations. A value was given and transformed into the
respectingvalue types. As can be seen all transformations were performed successfully. The test
results a5 and a6 both result to a, by picking the regéxeviiom the input string. The test result a7
evaluates to null, as c is not part of the input string.

Also, number transformations are possible: modulo, divide and diflidé. Which results are stated
at a8 ¢ al0. With a given value of 20 the respectiogerations resulted the expected results.

Test results alland aR transformed a string abcd into respectivelglaaracter seabed and a
substring starting at the third character.

Lastly the if statement transformation was tested and the test resultatiérexpected results.

With all the parts of the transformation module resulting the expected results, we can conclude that
this module works properly.



5.2 Location module tests

5.2.1 Speedest

To test the speed of the location module of the system we have edeatset of test files to check

the speed of the module in different settingehe test sets used for the testing are 3 sets of different
sizes 10, 100 and 1000 input objects) with each 3 sets of different percentages of accurate
information (0, 50 and 1M % correct)These settings were tested with both the FavorNames setting
set to true and false and tested on 3 different systems (Laptop, PC and Server).

We used these settings to test the influence of both sizeaswlracy of datasets on the duration of

the processing time of the module. By testing the outer limits as well as the exact middle of the
possibilities we were able to show the full range of the possible duration. Furthermore, we wanted to
test the influence of the FavorNames setting on theatdian, because of the possible difference in

API requests this function can cause.

An example of the test sets of 10 input objects can be found in tabi@hElow, the test sets of size
100 and 1000 were expanded respectivdlle inputs with a longituelof 5.171 are situated in the
Netherlands, the inputs with a longitude of 8.250 are situated outside of the Netherlands, but within
Europe All tests were performed using the APl module of the system.

latitude | longitude | Continent| Country expected
51.345 8.2%0 | Europe Netherlands| false
51.346 8.2%0 | Europe Netherlands| false
51.347 8.250 | Europe Netherlands| false
51.348 8.2%0 | Europe Netherlands| false
51.349 8.250 | Europe Netherlands| false
51.39 8.250 | Europe Netherlands| false
51.351 8.250 | Europe Netherlands| false
51.352 8.250 | Europe Netherlands| false
51.353 8.290 | Europe Netherlands| false

51.354 8.290 | Europe Netherlands| false
Tablel-loc_speed test 10

latitude | longitude | Continent| Country expected
51.345 5.171| Europe Netherlands| true
51.346 8.250 | Europe Netherlands| false
51.347 5.171| Europe Netherlands| true
51.348 8.250 | Europe Netherlands| false
51.349 5.171| Europe Netherlands| true
51.39 8.250 | Europe Netherlands| false
51.351 5.171| Europe Netherlands| true
51.352 8.290 | Europe Netherlands| false
51.353 5.171| Europe Netherlands| true

51.354 8.290 | Europe Netherlands| false
Table2 - loc_speed_test_160

latitude | longitude | Continent| Country expected
51.345 5.171| Europe Netherlands| true




51.346 5.171| Europe Netherlands| true
51.347 5.171| Europe | Netherlands| true
51.348 5.171| Europe Netherlands| true
51.349 5.171| Europe Netherlands| true
51.39 5.171| Europe Netherlands| true
51.351 5.171| Europe Netherlands| true
51.352 5.171| Europe Netherlands| true
51.353 5.171| Europe Netherlands| true
51.354 5.171| Europe Netherlands| true

Table3 - loc_speed_test_1Q00

Each setting was tested for a total of 5 times per system. The results of those tests can be found in
AppendixE2 ¢ E7 and the average results are shown in Table 4 below.

averages FNAAN Laptop PC Server
% duration | duration | duration
sample size correct | (ms) (ms) (ms)
10 0% 1399 655 392
50% 1378 642 394
100% 1401 638 396
100 0% 12797 2984 3342
50% 12000 2984 3400
100% 12092 3032 3383
1000 0%| 119436 32070 31868
50%( 122104 30327 32229
100%| 125190 31259 32440
averages FNUIT  Laptop PC Server
% duration | duration | duration
sample size correct | (ms) (ms) (ms)
10 0% 2547 905 721
50% 2044 747 562
100% 1353 603 398
100 0% 23926 5693 6577
50% 17594 4326 4889
100% 11711 2878 3307
1000 0%| 246117 59023 68298
50%| 184981 45668 50301
100%| 123495 29334 32556

Table4 - Average results of the location module speed téstsrorNames True and FavorNames False)

As can be seen in table 4, there are some clear differences apéed between the different
systems and setting3hese differences are visualized in the graiphfigures8 and9 below, to give a
better insight in the comparison of these numbers.
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Comparison speed between systems and settings
(FavorNames False)
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Percentage correct per sample size
Figure8 - Comparison speed betwesgstems and settings (FavorNames False)

Comparison speed between systems and settings
(FavorNames True)
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Figure9 - Comparison speed between systems and settings (FavorNames True)

As can be seen in figur8:and9 above there is a clear difference between therformanceof the
Laptop and theother systems when it comes to the speed of the performed tests. Contributing
factors towards this end are the specifications of the systemhich dictates the speed at which the
program can perform its functions. These specifications are given in Appendihe differences
between the speed of the tests performed on the PC and Server are maikdavetver, the

[ a7 L
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performed tests on the server system ran into soceenplications Due to the high speed and

efficiency of the system, the tests sometimes ran abthe limits allowed by the Google Geocoding
API. These limits allow for a maximum number of 50 requests per second or 5000 requests per 100
seconds. When performing operations using our system with a large sample size (10000+ data
entries), this can resuin complications The system will report this using warning messages,
informing the user the query limit of the API has been reached. The user will need to perform the
process again, using a smaller dataset to prevent the same error from happeningBeg=inse of

the beforementioned problem it ilpcommended to keep the sample sizes below this threshold or
cut inputs in multiple portions.

When looking at differences in specifications between the systems, a clear difference can be seen
between the netwak speed of the laptop test and the other 2 systems. This most likely had the most
impact a the clearspeeddifference when looking at the Laptop performed tests. The reason behind
this is the number of google requests that need to be performed, whichiregending and

receiving data via an internet connection.

Another clear difference between the figur8and9 arethe differences within the different sample
sizes. When FavorNames is set to true, the speed of the tests is not influenced by the ppradnta
correct given GPS coordinates. Whereas if FavorNames is set to false, the sparmhisly
influenced by the changes in percentage of correct given GPS coordinates. In IgygrEsbelow

the differences between the FavorNames settings are coegbéor every system.

Comparison FavorNames True/False Laptop

m FavorNames True m FavorNames False

300000
250000
200000

150000

100000

50000
0 | | ——

0% 50073 100% 0% 50% 100% 0% 50% 100%
10 100 1000
m FavorNames True 1399 1378 1401 | 12797 12000 @ 12092 119436 122104 125190
m FavorNames False 2547 2044 1353 23926 17594 11711 246117 184981 123495
Percentage correct per sample size

Duration (ms)

Figurel0- Comparison Favblames True/False Laptop
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Comparison FavorNames True/False PC

m FavorNames True m FavorNames False

70000
60000
50000
40000
30000
20000

10000
0 - | | —
0% 50% 100% 0% 50% 100% 0% 50% 100%

10 100 1000
m FavorNames True 655 642 638 2984 2984 3032 32070 30327 31259
m FavorNames False 905 747 603 5693 @ 4326 2878 @ 59023 45668 29334
Percentage correct per sample size

Duration(ms)

Figurell- Comparison FavorNames True/False PC

Comparison FavorNames True/False Server

m FavorNames True m FavorNames False

80000
70000
60000
50000
40000
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10000
0 S S - | | —
0% 50% 100% 0% 50% 100% 0% 50% 100%

10 100 1000
m FavorNames True 392 394 396 3342 3400 3383 31868 32229 32440
m FavorNames False 721 562 398 6577 4889 @ 3307 68298 50301 32556
Percentage correct per sample size

Duration(ms)

Figurel2- Comparison FavorNames True/False Server

As can be seen in the figur&8 ¢ 12 above the duration of the operations is approximately constant

when the FavorNames is set to true for all given systems. And when FavorNames is set to false the

100% settingare approximately the same as when FavorNames is set to true and respectively the

50% and 0% settings take 1.5 and 2 times as long to finish the test operations. The logical explanation

for this can be seen in the raglata in Appendix D. When FavorNameseisto True, the operation

performs as many requests to Google as there are data entries in the test file. When FavorNames is

set to False, the number of requests depends on the percentage of correct given GPS coordinates

and the possibility to zoomouL y 2 dzNJ 6 Said OF asSas lftaz2 GKS 2LWGAz2Y
G2 WOdzNRLISQ 4l a [y 2LIA2Yyd ¢Kdza>x YSIyAy3a GKIFG F2
data request to Google. This increased the duration of the system appropriately.
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5.2.2 Speling test

An issue of the system is that the Google Geocoding API preferences American names and cities
when givenittle information or namesising a different languagé he tests sets given in thables5
and6 below were used to test theomplicationghis could give and if providing more information
with the data entries could tackle this problem.

latitude | longitude | country
-24.422| -69.290| Chili

-25.422| -69.290| Chile

37.192| -90.680| USA

36.192| -90.680| US

53.124 5.613| Nederland
52.124 5.613| the Netherlands
41.924 12.492 | Rome

41.89D 12.497| Roma
Table5 ¢ Spelling test inpugcountry)

latitude | longitude | continent country
-24.422| -69.290| South America| Chili
-25.422| -69.290| South America| Chile
-26.422| -69.290| ZuidAmerika | Chili
-23.422| -69.290| Zuid Amerika | Chile
37.192| -90.680| North America | USA
36.192| -90.680| North America | US
35.192| -90.680| Noord Amerika| USA
34.192| -90.680| Noord Amerika| US

53.124 5.613| Europe Nederland
52.124 5.613| Europe the Netherlands
53.378 6.606 | Europa Nederland
52.624 5.613| Europa the Netherlands
41.924 12492 | Europe Roma

41.89D 12.497| Europe Rome

41.924 12.497| Europa Roma

41.89D 12.492 | Europa Rome

Table6 ¢ Spellingest input(continent, country)

As can be seen in tables 5 and 6 the combinations of spelling of English and Dutch were used to test
if the given GPS coordinates would be transformed by the application or that they would be given as
correct (all coordinates are lotd in the stated areas).

Latitude | Longitude| Name Old_Latitude| Old_Longitude Corrected_Lal Corrected_Lng
37.056| -95.710| Chili -24.422 -69.290| Yes Yes
-25.422| -69.290| Chile -25.422 -69.290| No No
37.192| -90.680| USA 37.192 -90.680| No No
36.192| -90.680| US 36.192 -90.680| No No
39.961| -105.511| Nederland 53.124 5.613| Yes Yes
52.124 5.613| the Netherlands 52.124 5.613| No No
41.924 12.492 | Rome 41.924 12.492 | No No
36.077| -95.904| Roma 41.89 12.497| Yes Yes
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Table7 - Results spelling test (country)

Latitude | Longitude| Name Old_Latitude| Old_Longitude Corrected_La{l Corrected_Lng
-24.422| -69.290| South America chili -24.422 -69.290| No No
-25.422| -69.290| South America chile -25.422 -69.290| No No
-26.422| -69.290| Zuid Amerika chili -26.422 -69.290| No No
-23.422| -69.290| Zuid Amerika chile -23.422 -69.290| No No
37.192| -90.680| North America USA 37.192 -90.680| No No
36.192| -90.680| North America US 36.192 -90.680| No No
35.192| -90.680| Noord Amerika USA 35.192 -90.680| No No
34.192| -90.680| Noord Amerika US 34.192 -90.680| No No
53.124 5.613| Europe Nederland 53.124 5.613| No No
52.124 5.613| Europe the Netherlands 52.124 5.613| No No
53.378 6.606 | Europa Nederland 53.378 6.606 | No No
52.624 5.613| Europa the Netherlands 52.624 5.613| No No
41.924 12.453| Europe Roma 41.924 12.453| No No
41.890 12.497| Europe Rome 41.890 12.497| No No
41.924 12.497| Europa Roma 41.924 12.497| No No
41.899 12.492| Europa Rome 41.890 12.453| No No

Table8 - Results spelling test (continent, country)

As can be seen in the Tableg 8 above, when only using the country (and city) names, the system
and Google Geocoding API wronagilitered coordinates to places in the United States. Eosy,
when adding a layer of continents to the input information, none of the correct coordinates where
wrongly altered to places in the United States. Therefore, we can conclude that the system can
wrongly detect places and alter coordinates mistakentywelver, wherexpandinghe given input
information, the user can drastically decrease the chance of mistakes by the sysiether
solution is discussed in the discussion and future implementations section.
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5.3 Database module tests

5.3.1 ID retrieval and uploady test

For the Database module to work properly the ID retrieval and uploading components of the module
need to work properlyThe following validation test, checks if both components of the database
module work properly. The test splits an incoming datsdinto two separate tables, coupled by a
similar ID.

name email
Henk de Vries woeste_pvver@knobhe.ai

Jan Klaassen janklaassen@ohyeah.nl
Table9 - Input table

+ Opties
o w id name

] ¢ Nijzigen %c Kopiéren @ Verwijderen 1 Henk de Vries

[] & Wizigen ¥c Kopiéren @ Verwijderen 2 Jan Klaassen

Figurel3- Database table 1 (name)

+ Opties

— [ v id email name_id
[] # Wijzigen %c Kopiéren @ Verwijderen 1 woeste_pwer@knobhe.ad 1
] & Wizigen Fc Kopieren @ Verwijderen 2  janklaassen@ohyeah.nl 2

Figurel4 - Database table 2 (email)

The input coupled to our test file can be seen in table 9, it contains two data entries both containing

a name and email address. The output of the test file can be seen in figared14. As can be seen

GKS FTANRG GlrotS 2yte O2ydl Ay adatabase Thelsecdhditabley R O 2 dzL
O2yidlFAya SYIFLAf | RRNSadasSazr ARQa IyYR yIFIYSYARQa 6KA
thattheO 2 dzLJ A y 3 2 T ndioRtEedatd is/pRriomzedisactessiully.

5.3.2 Speed test

To test the speed of the database module we created multiple test sets. The different test sets
consisted of a variation of test sets with 3 different sample sizes and for each of the sample sizes 3
different settings were tested. The sample sizes used in the testing process were CSV files containing
1000, 10000 and 100000 data entries, consisting of an id, name, email and date. Three different
setups per sample size were creat€the wherehe entire dagfile consisted of different entries,

one consisting of 50% duplicate entries and one file containing only duplicate entries (100%).

We used this setup to create an image of the influence of duplicate entries on the processing speed
of the module. By usmboth the outer limits as well as the median, we wanted to show the duration
range at which the module operates.
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Examples of the different settings are given belavables 10; 12, for a total of 10 entries, to paint

an image of the testing input files.

id name email date

0 | Eulah Walter Candelario@wade.name 13-5-1991

1| Erik Nienow Torrance@shaniya.name 18-11-2006

2 | Emory Anderson Arianna@Kkaitlyn.co.uk 20-7-2009

3 | Ms. Katelyn Dickens| Madaline.Sauer@therese.net 31-8-2003

4 | Johnson Dare Darrick_Walter@elena.tv 30-8-2013

5 | Mrs. Reggie Mayert | Destinee_Walsh@dane.org 22-10-2012

6 | Seamus Mann DVM | Gerry.OHara@ashleigh.me 27-1-1994

7 | Dixie Morar Ruben.Stroman@ezekiel.net 21-7-2015

8 | Rosalyn Wolf Gino@yazmin.me 14-1-2018

9 | Dallas Pagac V Shaina@edwardo.name 1-4-2000

10 | Kayli Wyman Shanna_Graham@alexander 6-3-1992

Tablel0- test input for 0% duplicates example

id name email date

0 | Eulah Walter Candelario@wade.name 13-5-1991

1 | Erik Nienow Torrance@shaniya.name 18-11-2006

2 | Emory Anderson Arianna@Kkaitlyn.co.uk 20-7-2009

3 | Ms. Katelyn Dickens| Madaline.Sauer@therese.net 31-8-2003

4 | Johnson Dare Darrick_Walter@elena.tv 30-8-2013

5 | Mrs. Reggie Mayert | Destinee_Walsh@dane.org 22-10-2012

1| Erik Nienow Torrance@shaniya.name 18-11-2006

2 | Emory Anderson Arianna@Kkaitlyn.co.uk 20-7-2009

3| Ms. Katelyn Dickens| Madaline.Sauer@therese.net 31-8-2003

4 | Johnson Dare Darrick_Walter@elena.tv 30-8-2013

5 | Mrs. Reggie Mayert | Destinee_Walsh@dane.org 22-10-2012

Tablell- test input for 50% duplicates example

id name email date

0 | Eulah Walter Candelario@wade.name 13-5-1991

1 | Eulah Walter Candelario@wade.name 13-5-1991

2 | Eulahwalter Candelario@wade.name 13-5-1991

3 | Eulah Walter Candelario@wade.name 13-5-1991

4 | Eulah Walter Candelario@wade.name 13-5-1991

5| Eulah Walter Candelario@wade.name 13-5-1991

6 | Eulah Walter Candelario@wade.name 13-5-1991

7 | Eulah Walter Candelario@wade.name 13-5-1991

8 | Eulah Walter Candelario@wade.name 13-5-1991

9 | Eulah Walter Candelario@wade.name 13-5-1991

10 | Eulah Walter Candelario@wade.name 13-5-1991

Tablel2 - test input for 100% duplicates example

Files similar to the above picturesituationswere created for the respective sizes and settings. These
test files were tested using a Laptop, PC and Server making use of the APl module of the application.
The specifications of the different systems can be found in AppétiliXhe raw output datafahe
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tests can also be found in Appendi® ¢ F.4. As can be seen, every setting was tested for a total of 6

times per setting. The averages of all these tests can be found in table 13 below.

averages
sample size doubles %
1000 0%
50%
100%
10000 0%
50%
100%
100000 0%
50%
100%

Laptop PC Server

duration(ms) | duration(ms) | duration(ms)
25219 20287 12340
15217 13128 12318
14500 9117 1327
236556 183769 111764
172022 103409 109734
136475 74619 4157
3688190 2977667 1134281
3154705 2435349 1087727
1364544 736447 16644

Tablel3- Average results database module speed test

The above results are visualized in the graph represented in figure 1
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Figurel5 ¢ Database module speed comparison graph
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As can be seen in figur® @bove there are some wide variations of the performance between the

different systems. A pattern can be found when comparing the results of both the laptopcand p
tests. With an increasing speed in the operations of the system when increasing the number of

duplicates in the test set. This of course can be explained by the fact that a lot less insert operations

need to be performed, which decreases the overall tioraneeded for the application to finish all

its operations. There are however some fluctuations as to how much improvement this resiés in.
can be seen the speed improvements between the different settings within the 1000 and 10000
sample sizes are psent but marginal.
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Laptop PC Server

relative relative relative
relative duration relative duration relative duration
duration (base 0% of | duration (base 0% of | duration (base 0%
sample doubles| (base 0% pe| sample size | (base 0% pe| sample size | (base 0% pe| of sample
size % sample size)| 1000) sample size)| 1000) sample size)| size 1000)
1000 0% 1.00 1.00 1.00 1.00 1.00 1.00
50% 0.60 0.60 0.65 0.65 1.00 1.00
100% 0.57 0.57 0.45 0.45 0.11 0.11
10000 0% 1.00 9.38 1.00 9.06 1.00 9.06
50% 0.73 6.82 0.56 5.10 0.98 8.89
100% 0.58 5.41 0.41 3.68 0.04 0.34
100000 0% 1.00 146.25 1.00 146.77 1.00 91.92
50% 0.86 125.09 0.82 120.04 0.96 88.15
100% 0.37 54.11 0.25 36.30 0.01 1.35

Tablel4 - Relative duration comparisons of database module speed test

Table 14states the relative duration of the tests when compared within the sample size per system
as well as when the sample size with 0% doubles is used as base for all insAsncas be seen,

both the laptop and pc tests have a similar pattern with an increasing speed for the test sets
containing only doubles when increasing the sample size aletigeasingelative speed when using
50% doubles. Another pattern which becomes apparent is that the increase of the 100% doubles

instances increase approximately with multiplication of 10 which is the same increase as the sample

size. The other two instees have this same pattern when looking at the lower sample sizes
however this factor increases significantly when looking at the increase in relative duration from a
sample size of 10000 to 100000. This is most probably explained by the fact that themaofimsert
operations that the system needs to perform increases a lot and this operation takes relatively a lot
of time.

The server test results do not follow the same pattern as the results from the laptop and pc tests.
They are a lot faster, which maasily be explained by the fact that all the select and insert
operations are performed locally instead of via an internet connection. An@tpparent variation is
that of the immense speed increase when using only doubles, in comparison with thehero ot
systems. Which, again, can be explained with the fact that these operations are now performed
locally and thus take far less time. Lastly, one can see thatahesbetween the test sets

containing 0% and 50% duplicates are almost similar. Whemig@aikithe raw data in appendi2 ¢

F.4 it becomesclearthat on the server side sommmplicationsarose when performing the 50%
duplicates containing tests, which resulted in almost as much insert operations as the tests
containing 0% duplicates. Thispacted the results immensely and is something we were not able to
find an explanation folWe presume that it is a result of the difference in processing speed between
select and insert statements. The reason for this assumption is that the problemsilale aicross all
test sets,but worsened when performing on the local machine.

To conclude we see that our system performs as fast as can for this type of connection, most of the
fluctuations in speed can be explained by differences in internet speedameéctions. Also, the
number of insert operations takes a heavy toll on the speed of the overall operations. Locally
performed operations increased the speed of the application immensely however also resulted in
faulty insert operations and errors.
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6 Conclsion Discussion and Future

Implementations
6.1 Conclusion

In this chapter we Wl summarize and conclude our findings gathered during this project. We will
address the research questions and sub questions as mentioned at the start of this paper.

Gl 26 Oy 6S FAYR I YSOiK2R (2 Copdpdl®dn eds@pibke8sh 2y R
for further dataentrieK ¢

To answer the main research question, we constructed a set of sub research questions to address the
underlying issues to creasgeprocess for the location data correction and alteration.

G2 KFEG Aa GKS T &d S saddahdyalethy [Bcation duitidin the eridtirg) databade (1 2
making thisdateD2 YLIX SGS yR O2yaAraidSyidké

To create a process for the user to fast andatdif check location data we created a module

consisting of a parent and multiple child processes. This way the parent process could set up the
child processes, which would perform the actual execution of the location data alteration and check
processes. Gobining this set up with a pipelined process within the child processes increased the
speed of the overall execution. The slowest set up combination as tested took a total of 246 seconds
to perform a total of 2000 requests to Google, which is a vast imgn@ntto performing this

process manually. All this is set up by the user, by writisigh@leconfiguration file to set up all the

right information before the proceduresnaking this process as little time consuming as possible.
further increase the ase of use of the system, the API component of the system makes it possible to
set up a series of tests sequentially and from external systems.

& 2 Kforinatting and input guidelineshould be used for future data entries to keep the location
dataoftheeti NAS&a F RRSR (2 GKS RIGFolrasS O02YLX SGS FyR O
The system is set up to always convert the GPS location data to DD type of formatting. Therefore, the

GPS location formatting used in the input data can either be DD or DMS type of formatting. To

increase the effectiveness of the system it is however recommended to provide as much location

data as possible and/or to use English notation for the location data when using the system. During

testing it became apparent that the number of errors decreases wisamg either of the mentioned

rules.

To concludeit is clear that the method used to create a consistent and reliable, while also fast
process to check and alteycation data consists of a combination of techniques used. The
combination of child process, pipelining, configuration filean API setupnd the use of an external
location data API resulted in an easy, reliable and fast process to check and alter GPS location data.
The effectiveness of the system is, however, subject to the input as pubbigéhe user.
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To create a reliable process for the transformations of databases we created a setup of parent and

child processes. This split system setup reslih a streamlined process for the alterations of

multiple databases and data input files simultaneously. The direct insert method as used within the

system, creates the most reliable process and connection with the external databases, although this
effected the speed of the process negatively. The combination of the created API process and use of
configuration files created an easy approach for the user with a minimum amount of manual work

To conclude, it is clear that the method used to perform the process of database alterations created
an easy and streamlined process for the u3ére combination ofhe direct insert strategy,

configuration files and the API module, created an easy psoad minimal supervision needed by

the user.

G126 Oy S 0dAfR I adadlriAylotS aeadasSy GKFG OFy
Ffa2 o0SAy3 ofS (2 2NHIFIYAT S GKS RIFEGFXZ FyR Aa O0O2Y
To answer the mia research question, we constructed a set of sub research questions to address the
underlying issues when creating a combined sustainable system.
Gl 2¢g Oy ¢S RSaAaly (GKS aeadsSy G2 2LISNIGS o02dK LN
oned 2 aliSYKE
As can be seen in the chapt&and4 we have created an overall module to fetch and handle the
communication with the operating modules and the user. This module handles the startup
operations and further command signaling of the applicatiore o operating modules are
modularlyand similarly designed, making use of parent and child processes. The upside to this is that
if errors occur, the underlying reasons can easily be determimaking the system more reliable.
The accompanying webserv@iodule substantiates this effect and makes the communication of the
user (or an external program) with the system easier.
al2¢g OFy ¢S RSaAaly (GKS aeadasSy G2 06S &adzaidlAylof St
A couple of factors contribute extensively towards the sustainability of the isyste
1. The modular design of the system makes it possible for future alterations to be made
without the need for rewriting major components of the system.
2. The possibility to run the main operating modules combined or separately makes it possible
for a wide rame of applications of the system.
3. The design of the major modules to make use of parent and child processes, increases the
capacity of the modulesncreasing the speed and availability of the system.
4. The design is made to be easily expanded with extratfanalities, f.e. the possibility to
easily expand the database component to be compatible with other database systems.

All the abovementioned functionalities contribute towards the sustainability of the system.

To conclude a combination of modular desigplit processes, configuration files and the support of
the API server side makes the system runtthie operational functionalities effortlessly alongside
each other. Combine this with the possibility to easily alter and add functionalities to thgneelsi
system, to result in an overall sustainable and futpreof system.
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6.2 Discussion

A couple of issues arose while designing and testing thedygstem. The major choices and issues
are discussed in this section, explaining the made choices and waysitbproblems when using
the system.

6.2.1 Location module accuracy

When implementing the module for the checking of the GPS location data compared to given areas,
an issue arose when this area had to be determined. To keep the complexity and thus speed of the
system operationally feasible we decided to create a rectangle area of the 2 outmost points of the
area. Figurd5and16a K2 ¢ (G KS RATFTFSNBYOS 2F G(GKS&S | NBI Q&
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As can be seen in the figur&8 and 17 above, this adds a lot of extra territory in neighboring
countries as well as the North Sea. The percentage ofédddea differs widely between areas. To
keep this to a minimum, we advise to use as detailed added location data as possible for the best
results.

Our choice to implement this type of location checking influenced the accuracy of the application. By
the decision to use the usedefined coordinates for the checking of the information, we were forced

to make a trade off decision between speed and accuracy. In our opinion, in this way we could
deliver both an adequate accuracy while maintaining an efficieotgss.

6.2.2 Google Geocoding limits

Another issue which arose during the testing of the location module was the limits as given within
the Google Geocoding Af3oogle, Developer Guide, 20189)couple of restrictions are givéor the
(free) use of the API:

1. A maximum of 40000 requests to make use of the API for free.
2. A maximum of 5000 requests per 100 seconds.
3. A maximum of 50 requests per second.

Because the system and module are both designed to be as efficient as possiblernscan arise
when operating with a great number of sets simultaneously or when using sets of large sizes (1000
data entries and more). We therefore recommend to keep the testing restricted to smaller sets and
split sets above the given threshold. Funtim®re, we advise to run the system with one set at a

time.

6.2.3 Spelling issue

The last issue of the location module is that the Google Geocoding API preferences English spelling
and places in the USA. Therefore, when using ddreguages and or little areaagifications, it can
happen that the system wrongly alters GPS coordinates to places in the USA with a similar name.
Please be aware, and use as detailed information as possblell as omitting the use of
abbreviationswhen using the application.

Ourchoice to use the Google Geocoding API influences the results given as correct and incorrect,
when improving coordinates. It also results in a domination of USA based locations and the English
language and spelling. It could be possible that when implemgranother API for the checking of
coordinates, these results could differ from the current situation.

6.2.4 Database insertissue

During the testing of the Database module, when running both the application and database on the
same serverthe speed of the adjzation increased significantljfowever, this also increased the
number of faulty insert operationAs this problem was also present when testing on the other
systems, we suspect this to be the result of a difference in the speed at which the selécsarmd
operations are being performed. Our decision to implement the direct insert operaigieadof a

cache first operation did influendbeseresults, and with the implementation of a cache first system
we would expect these results to improve.



6.3 Futureimplementations

A couple of implementations which could contribute to the functionality and ease of use of the
system are mentioned in this sgon as well as possible future usage of the application

6.3.1 Ul

Currently to use the system, the user will have to use a terminal (and the possible API setup) to use
the designed system. To further increase dase of use of the system for the end usedser

Interface could be designed.

6.3.2 Cache First

Within the database module we chose for the direct insert type of connection when performing
database operations. This creates a more secure, but also less fast connection with the connected
database system. Atiieer option would be to implement a cache first system, this would locally
process all transformations to upload all at once after this process is finished. This database
connection type would be more prone to errors and connection failing, however aoeriease the
speed of the operations.

6.3.3 Reversedcationlookup

Thecurrent lookup system works by using the additional location information to create a possible
area the GPS coordinates need to be part@theck for the correctness of the coordinates ofkrer
way would be to perform a request using the given GPS coordinates and check for the received
information with the added location information. Essentially to perform the operations in a
backwards way of the process currently in use by the systemcdtid result in an increased
accuracy of the systenespecially when making use of both techniques comhined

6.3.4 GeoNamegayer

As mentioned irChapter 2 we chose to perform the process of checking and improving geographic
coordinates using the Googlgeocoding API because of the option to create areas of interest. A
problem which arose was the fact that the API prefers English spelling and American cities. Although
the GeoNames API would not be ideal for this process, because it only provides ofe set o
coordinates instead of a bounding box, it could still be useful to implement it as an extra layer for the
preprocessing of names. The API could be used to translate all location information into English as
well as provide missing additional informatiobcat areas of interest, before we would check those
locations against googles Geocoding API.

6.3.5 Dataset usage

In the near future the application will be used for the checking and improving of datametsining
geographic coordinates as well as additionabkion information Examples of these datasets are a

Fungi dataset analyzed within theiden Universitpy Irene Martorelli and a dataset containing
information regarding the living area of Butterflies found in the Indonesian IslandBavhoth

these datasets it is important to know exactly where these organisms are detected. Therefhe, b

the Fungi and Butterfly datasets can make use of the system to improve the consistency and integrity
of the mentioneddatasets. The application can further be udedany dataset in need for

improvement of geographic coordinates, which can be performed direct inserting this information

into the corresponding database as well as providing separate output files.
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Quick User Guide

Bachelorthesis Tim van Polen & Jelle sinnige (2019)

Here you will find quick reference information for using the program. For info about writing the configuration
files, see the configuration syntax guide.

Setting up
Before running the application a few actions need to be peformed, otherwise fatal crashes will occur.

® The most obvious first: Install NodelS, this can be downloaded in a browser at https://nodejs.org, or
installed via package manager.

* |nstall the necessary packages, using The following
packages are needed:

http

https
request
monetdb
mariadb
mysql2 ( mysql has no prepare support )
csv
querystring
url

net

uuid

0O 0 0 0o © 0 0 © 0 O O

& optional Set the settings to your liking, in the files and
some basic settings for the program can be found, including which ports it
needs to listen for, and which files are to be used for setting up HTTPS servers. The syntax for these files
are as following:
The following settings can be set:

© For the database module:

L] the port to let the API server listen to
L] the object to reference the given configuration to, beware
change this only when you know what you're doing.
L] the HTTPS certificate to setup the https server with.
= the HTTPS key to setup the https server with
o For the locations module:
L] the port to let the API server listen to
L] the default location names the program will extract from the target files,

in case there are no valid names given. It it however not recommended to rely on this
setting, instead, include places in the jon configuration JSON, see the configuration syntax
guide
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u the same as location_names, but then for coordinate columns
L] the same as location_names, but then for columns
L] the same as location_names, but then for columns
L] the default csv delimiter to use, will not be used by the helpers
L] the HTTPS certificate to setup the HTTPS server with
L] the HTTPS key to setup the HTTPS server with
= the object to reference the given configuration to, beware
change this only when you know what you're doing
L] the default Google Geocoding API key to use
© For the webserver module:
L] the port the webserver will listen to
L] the HTTPS certificate to setup the HTTPS server with
L] the HTTPS key to setup the HTTPS server with
Starting up

is used for starting the program, the following arguments can be given:

e can be given to give more output. 0 is only errors, 1 errors and warnings, 2 errors warnings
and information and 3 and 4 are for debugging. It is generally not a good idea to enable debugging for
peformance reasons.

. can be given to disable the webserver module. It will not prevent the api's from starting up
their endpoints.
. can be given to disable the locations module.
. can be given to disable the database module.
. will keep the rest of the modules running if one of them crashes.
. will disable the color in the terminal.
Modules can be run as standalone, by navigating to and running . They can

have the following arguments:

. see above

. for loading a custom configuration file. This is not a user configuration, as
needed for processing files. It will only host the basic settings ( like ports to run on ).

. disables the APl endpoints.

. set APl to run at a different port.

. disables the color in the terminal.

Runtime commands
These commands can be inserted in the console when the program is running.
In the run module:

. for exiting the program.
. by naming the modaule first and then naming the command to execute,
for example:

In the Database and Location module:

2/4
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. orders the database module to process a configuration file specifying
what operations are to be peformed. The syntax of such a file is found in
Configuration_Syntax_Guide.md

. Specify a list of helpers to mute, when one wants to ignore the output of certain
helpers. These numbers correspond to the datasets in the configuration file; for each a helper will be
created.

. for exiting the program
In the Webserver module:

. For exiting the process.

APl Endpoints & Usage

Quick explanation: The APIs will listen to the ports defined in the ini files respectively. For quick reference, they
are also mentioned by the terminal output upon program startup. They will present themselves in

messages, so they can be disabled by setting the or argument.

Reaching the APl is as simple as making a or request to a certain address. The main address is
always formatted as where is the port, and the
endpoint that we want to reach. For simple lookups usually is required, and is used for doing more

advanced or complex queries.
For the Locations Module:

The location module has the following endpoints:

. This endpoint is for starting a job on the locations module. For this endpoint a request
is required, consisting of a single parameter: . This parameter must contain a JSON object, in
accordance with the configuration syntax guide. This will return an object with 3 items:

o to show the status of the command, usually or
° a message giving more detailed information if available
o a key to be used in the other endpoint.
. This endpoint is for retrieving the status of a job, a process command initiated

earlier. The key will be supplied to the issuer of the command, after the start. If the key is used, for
example: , it will return an object
containing the status of the job as a whole, and helpers individually. This needs to be checked
periodically until the main status is either ; or

For the Database Module:
The database module has the following endpoints:

. This endpoint is for starting a job on the database module. For this endpoint a request
is required, consisting of a single parameter: . This is a JSON object, in accordance with the

configuration syntax guide. This will return an object with 3 items:

° to show the status of the command, usually or
o a message giving more detailed information if available
o a key to be used in the other endpoint

3/4
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. This endpoint is for retrieving the status of a job, a process command initiated
earlier. The key will be supplied to the issuer of the command after the start. If the key is used, fr
example , it will return an object
containing the status of the job as a whole, and helpers individually. This needs to be checked
periodically until the main status is either ] or

. is a special endpoint that also requires a POST request. However, this only requires basic
database connection information, and will simply test if a connection to a certain database can be
made. It requires the following parameters:

the host of the external database
the user of the external database
the password for logging in into the external database as user
the database to connect to
the port to use
the database type, can only be ) or
optional a boolean to enable SSL

o o o 0o © 0 o o©

optional the contents of the certificate required to connect.

It will return a JSON object containing:

containing if the connection succeeded, if it failed
° , containing the error message if the connection failed. It will be absent if the status is
4/4
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Configuration syntax guide

Bachelorthesis Tim van Polen & Jelle Sinnige (2019)

Below you will find a quick summary for the syntax that the modules expect in their datafiles.

A quick explanation

These files are basically JavaScript objects defining how a certain operation needs to be peformed. It specifies
what files are to be parsed and what files to output to. The format of these files is JSON, that means giving a
file that is not JSON parsable will cause it to fail. The main body of these files consists of a element,
which is an array containing all the datasets to process. Each of these will be run in a separate process.

The Location Configuration Syntax

A configuration file the Locations module would accept looks like the following:

{
"datasets": [
{
"source": String,
"target": String,
"lat": Array of Strings,
"lng": Array of Strings,
"latlng": Array of Strings,
"places": Array of Strings,
"margin": Number,
"google_api_key": String,
"includeOld": Boolean,
"includePlacelId": Boolean,
"includeCorrected": Boolean,
"favorNames": Boolean,
"delimiter": Character
}J
{
. There can be more blocks, but there must be one at least ...
}
1B
"path": String
}

Properties explained:

. Source (input) File Relative to Command Path .csv/json.

. Target (output) File Relative to Command Path .csv/.json.

. An array of names, whose columns in the source file contain the Latitude values.

. An array of names, whose columns in the source file contain the Longitude values.
116
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. An array of names, whose columns in the source file contain the Latitude & Longitude in a
string together. (Either this must be set or & must be set.)

. contains a list of names whose colums in the source file contain name values, like country, areal
code, placenames, streetnames. These columns must be given in descending order of location size, e.g.
first continent, then counttry, then state, then city and finally address. Note that unavailable data can be
omitted, using one column is enough but might not give the desired result, the more columns used, the
more specific the searches will be.

. the margin of error the coordinates may have. 0.001 relates to ~ 1.1Km, 1.0 being exactely one
degree (default set to 0.001)

. the google api key to be used.

. optional if true, the output will print the old values as ;
and , defaults to false if not set.

. optional if true, Google's place ID will be outputted as , defaults to false if
not set.

e optional if true, will print & , which are booleans,

yes when the Latitude & Longitude have been altered by the system, no otherwise, defaults to false if
not set.

. optional if true, the program will favor names above coordinates, meaning it will rather go
to the coordinate that evaluates to the given name, if false or unset it will try to get the most out of the
coordinate. It will attempt a less specific query to google, trying to fit the coordinates until it does. This
method gets the most out of the coordinates. If true, more results may be corrected by the system, but
you tend to end up with more specific names, if false, more coordinates will be preserved, but the
names may be less specific than they were before, defaults to false if not set. Eg.

may be changed to if that makes the coodinates fit, however, the original
coordinates are preserved. With the coordinates provided by Google for
will be outputted instead.

. optional if set, wil override the default CSV delimiter; ,. Only has effect when using CSV for
input or output.

. only required when doing an API call contains the path where the program has to start looking
for the specified files. If not set, it will be set to the working directory of the program. If the process
command given trough the terminal, this parameter is not needed because the path will be derived
from the path to the given file in the terminal.

The Database Configuration Syntax

A configuration file the Database module would accept looks like the following

{
"datasets": [
{
"database": {
"host": String,
"port": Number,
"user": String,
"password": String,
"database": String,
"type": String,

2/6
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Hssli=af:
"ca": String
}
1
"data": [
{
"table": String,
wids String,
"method": {
"insert": Boolean,
"update": Boolean,
"check_first": Boolean
1
"source": {
"file": String,
"type": String,
"delimiter": String
1
"mapping": [
{

"source": String,
"const": String,
"target": String,
"type": String,
"important": Boolean,
"null": Boolean,
"transform": [

{
"type": String,
"value": Any,
"value2": Any
b
{
. Can be filled with @ or more blocks ...
}
1
"where": [
{
"source": String,
"target": String,
"null": Boolean,
"transform": [
{
... Can be filled with © or more blocks ...
}
1
b
{
. There can be more blocks, but there must be
}
1
s
{

one at least ...

. There can be more blocks, but there must be one at least ...

3/6
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}
]
1
{
... There can be more blocks, but there must be one at least ...
}
]
})
{
. There can be more blocks, but there must be one at least ...
}

1

"policy": String,
"unique": Boolean,
"integrity": String,
"path": String

Properties explained:

. contains the datasets the database module has to upload.
o is an object containing the database connection properties

L] the host to connect to
L] the port to connect to
. the user to connect as
L] the password to connect
L] the database to use
L] the type of database, can be E or
= optional an object containing the path to the ssl certificate to connect with

. the certificate file path, must be set if is set
o is an object containing the data options, here is described what property will be uploaded
to which database, table and column, and what transformations are to be peformed upon the
data before uploading.

= is the table this data is mapped to
. is the id of the table
L] is an object containing instructions what to do with the dataset
. set true if the data needs to be inserted
u set true if the data needs to be updated ( unsupported but expected! )
u if to check if the record exists before inserting, or to just blindly insert
L] is an object containing properties of the file that needs to be opened
. is the path to the file, relative to the configuration file
" is the type of the file, only JSON or CSV are supported
" is the delimiter of the CSV file, only used when opening CSV files
L] is an object describing how to map the data to the table. Each object in here
represents a mapping of a column in the source file to a column in the target file.
. is the column to put the data in
u is the property from the source file to read, but it can also be a reference to
another column in another table. By setting this as the
416
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program will search that column in that table for a certain value. In the case this is
used the property must be set! In regular columns, dots in the column name
are not supported.

u optional can be set in place of , this will be treated as a constant,
useful when the whole dataset needs a certain column to be filled with a certain
value. It would be inefficent (however possible) to add this value to every record in
the source file, because of the extra file reading and parsing overhead. Watch out,

either or must be set, but never both in the same mapping object

L] the type of the value, can be 3 4 : etc.

. optional if set, this value will be checked in the clause of an
update statement. Does nothing for now.

" optional if set, this value can be and special queries will be generated. If
the source value is but this is not set, the record will be considered invalid and
not set.

. is an array of objects describing how to transform the data before
checking and uploading. This can be an empty array.

L] the type of transformation to peform, can be any of the following:
. changes the type to the given type in
. matches the value to a given regular expression
. returns the first match of a regular expression to the
value
. peforms a modulo on the source data
= peforms a divide on the source data
. peforms a divide on the source data, saves the answer
as a float
. gets a certain character from a string
. or returns a substring of a string
" always returns the same value (useful for constants)
" a condition, if the data from the source file equals the
property of the transform object, it will be set to the property
= to add a value on top of another value
. to substract a value from another value
L] is the value of the operation above, by for example modulo, this is the
amount to modulo by
= optional is a special value, only needed in some transformations
where more than one value is needed, these are : © and , however,
if has no property, it will assume the length of the sting
. optional is an array of objects containing the conditions of the source, when

it is an external value from another database/table. This must be omitted when the
value is to be retrieved from the source file, as opposed to another database/table.
To get the external value described in the above, these values will be
matched to the external database. It will create a SQL query:

u the value to be extracted from the datafile. This time it can’t

reference another table, and must be a column in the source file.
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B ta the column it is to be matched against in the database
= 11 optional if set, the value from the file can be nu1 1 and a custom query
will be generated. If this is f2 1< or unset, and the value from the file is 4

the record will be deemed invalid and skipped
= an array with transformations to peform on the source data, can

be empty

® po the policy to abide by, at this moment, can only be set to
. optional does nothing for now, can be omitted

6/6

[ 73




GPS referencing and Data Storage Manipuldtidelle Sinnige an@im van Polen

Appendix & Usage example

7S




GPS referencing and Data Storage Manipuldtidelle Sinnige antim van Polen

Usage_Example.md 8/23/2019

System Usage Example

Bachelorthesis Tim van Polen & Jelle Sinnige (2019)

Below you will find an example of the usage of our components. This file will reference both the
Configuration_Syntax_Guide and the README file.

Where to start

For our example project we have two files that need to be processed. A JSON file, ,and a CSV
file, . There are two operations that we can peform on either file:

* Process the location data
* Upload it to an external database

We will describe both actions seperately, but they can be combined.

Processing location data
Creating the configuration file

The common denominator in both our modules is JSON configuration files. A JSON configuration file needs to
be created in order to specify where the program can find certain data in your JSON/CSV datafile. The JSON
file will also specify how the data is processed, and where to put it. In the Configuration_Syntax_Guide is
specified what properties are possible and required, however, we will discuss them here in a more informal
setting, the referenced file is rather for a quick lookup, since we expect the user to get more used to them the
more he/she uses the program.

We always start with a property. This property is always the root property in our file. The only
property that is allowed outside this root property, is the property, but this property is only nessecary
when peforming an API request. We will discuss how to initiate the program later. The property is
an array, consisting of objects. Each object is a task to peform, and thus by defining multiple objects multiple
tasks will be peformed. We will describe one such task. A 'task’, or element in the array, has its own
required properties. The most important ones are 3 ; 3 1 3 and

. is the source file to be opened and processed. This must include the path to the file, relative
from the path to this configuration file, it is therefor recommended to place the configuration file in the
same folder as the and file.

. is the file where the program will output it's data into, the file that will be created.

. & are the properties that specify where in the source file the latitude and longitude can be
found. This may be omitted when the property is given.

. is the property where a combination of the latitude and longitude can be found.

. are the columns that have the location names in them, such as Continent, Country, State, City,
Area Code, Postal Code, Street, etc.

Say we have the following input files: example.json and example.csv. The first file is structured in JSON, and we
have 6 components: ; ’ y , ,and . The second file is

1718

75



GPS referencing and Data Storage Manipuldtidelle Sinnige antim van Polen

Usage_Example.md 8/23/2019
structured in CSV, and we have 5 components: 1=t longitude, ent, cou ,city, area We would
start out creating our configuration file (in the same folder), creating a property, with two empty

objects inside, as such:

{
"datasets": [
{
¥
{
}
]
}

Then, we would add our source and target files:

{
"datasets": [
{
"source": "example.json",
"target": "example_output.json"
})
{
"source": "example.csv",
"target": "example_output.csv"
¥
]
}

Now we would look what properties or column(s) in our source file contain the latitude and longitude

properties. We find these are and i in the JSON file, but we only find a
property in our CSV file. Let's put that in the configuration file as well. Note that depending on the structure
of the input file, only a property, or both a and a property need to be specified, in case of the
csv file this is a property because it has a column with both the latitude and the longitude in it.
{
"datasets": [
{
"source": "example.json",
"target": "example_output.json",

“lat*: “latitude®,
"lng": "longitude"

"source": "example.csv",
"target": "example_out.csv",
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"latlng": "latlongitude"
}

Then, we'd search for the columns or properties that contain places. We put these in an array in the

property, in order. Our configuration file would then look as follows:

{
"datasets": [
{
"source": "example.json",
"target": "example_output.json",
"lat": "latitude",
"lng": "longitude",
"places": [
"continent",
"country",
teity!s
"area"
1
}J
{
"source": "example.csv",
"target": "example_out.csv",
"latlng": "latlongitude",
"places": [
"continent",
"country",
veity,
"area"
1
¥
1
}

Now, we have a working configuration file. However, there is one more property that changes the way the
program operates: . It is recommended to always include this property. Setting it true means the
program will correct the coordinates immediately when they are found to be incorrect, while setting it false
will let the program search if the coordinates are correct on a wider scope. For example, if the name is
specified as "the Netherlands Leiden", and the coordinates do not match this name, the program will search
for "the Netherlands", and check if the coordinates then fit. Setting true will make the program
work in favor of the names, if false, it will make the program work in favor of the coordinates. In the end, if the
coordinates are a full mismatch (no scope correction would solve it), the program will always correct the
coordinates. In this example want to keep as much coordinate data as possible, and don't really care that
much about the names, so we set it to . Adding this would give the following configuration file:
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{
"datasets": [
{
"source": "example.json",
"target": "example_output.json",

"lat": "latitude",
"lng": "longitude",

"places": [
"continent",
"country",
veity!,
"area"
]J
"favorNames": false
}J
{
"source": "example.csv",
"target": "example_out.csv",
"latlng": "latlongitude",
"places": [
"continent”,
"country",
setty=y
"area"
])
"favorNames": false
}

There are more properties that can be added to enhance the results, but those will not be discussed here.
Please refer to the Configuration_Syntax_Guide. The content of the example configuration can be found in

example_config.json.
Running the configuration file

Now we have a proper configuration file, we can use it in the Location module. If the module is not yet

started, now is the time. It can be run with the default way to setup the program, executing node inthe

root folder, or by just starting the location module, which would require to change the directory to the
directory, and running

There are two methods to run the configuration file trough the module, via a command or via an API call.
Executing the configuration file as a command
Executing the configuration as a command is quite simple. If you ran the program as a whole, you'd first need

to specify what module you want to command, then what it'd needs to do, and finally the file. A more detailed
explanation of commands can be found in Readme.
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An example of the commmand to run would be:

If only the locations module is run, it would be: : !
Note that when the locations module is run seperately, 1o must be omitted, because there would not

be ambiguity between the modules, and the path starts with . . / because the module is run from within the
folder, as opposed to the root folder.

Executing the configuration file as an API call

Executing the command via API call is a little more complicated, and would require knowledge of
programming (to some extend ). You'd need a small piece of code that can make a simple web request to a
webserver. When using JavaStript, one could use the library for this.

Before sending the actual request, check your configuration file first. There is a special property that
needs to contain the relative path to the files in the configuration file. In our previous configuration file, this
would look like this:

{

"datasets": [
{
"source": "example.json",
"target": "example_output.json",
"lat": "latitude",
"lng": "longitude",
"places": [
"continent",
"country",
eity;
"area"

1

"favorNames": false

"source": "example.csv",
"target": "example_out.csv",
"latlng": "latlongitude",
"places": [
"continent",
"country",
ety
"area"
])
"favorNames": false
¥
1
"path": "test/example/"

}
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First, you need to format your request properly. This is quite simple: there is only one parameter, namely
must contain the full configuration file as stringified JSON, the APl will parse it.

The request must then be done to the API endpoint of the locations module. The address for this

endpoint is by default , but it can differ when it is not run locally, or

setup to use another port. For more information about the API endpoints, please refer to the API section of
the readme file.

The request will give a response with these 3 items:

. : if an error occured or not
. : a message accompanying this error or success status with a more detailed explanation.
. : a key that is required to look up the status of the request later.

If a key was returned, your request has been processed successfully. Now we're about halfway done.

To check the status of the key, we'd need to make another API request to the locations module. This request is
a little more simple, as it would only require a request, so there are no parameters. The request must be
made to the endpoint of the API, with the key then attached, so for example the full address would be

This API call would return an object with status elements of the whole job, and of the sub-processes
individually. The status will be one of 4:

. to indicate the process is still busy
. to indicate the process has terminated successfully
. to indicate the program has crashed during runtime
. to indicate the process could not finish successfully.
If the status is it is best to periodically check again until it is.

Processing database data

Creating the configuration file

For the creation of the configuration file we would go about the same way as the locations configuration file.
First we'd look what imput we have: a file named example.csv with 5 columns:

We start by creating an empty datasets array in our JSON configuration file:

{

"datasets": [
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After this, we want to set some important properties. These must be set in the root object:

.
L]

defines what method is to be used while uploading. The only supported method currently is
defines if the entry should be checked against the database before importing it. However,

support for anything but is not guaranteed. was implemented for later implementation of
other features, but as of now it should be set to .We'd end up with the following configuration file:
{
"datasets": [
1
"policy": "direct_insert",
"unique": true,

"integrity": "full"
)

Then, we would create the datasets according to our input files. This is only one file, so one dataset would be

enough. If you have multiple files, but they are to be uploaded into the same database, you also don't need to
create multiple datasets objects.

{

"datasets": [

{

}
])
"policy": "direct_insert",
"unique": true,
"integrity": "full"
}

A dataset element should always contain the following two properties:

. , where all the database connection properties will be described

. , an array containing objects describing which data should be uploaded to this database. If there
are multiple datasets that use the same database, it would be easier to put multiple entries in the
property, than to put multiple items in the property, since every element needs a

element with connection properties. We would now have this:
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{
"datasets": [
{
"database": {
1
"data": [
]
}
1,
"policy": "direct_insert",

"unique": true,
"integrity": "full"

Next, we'd fill in the database connection properties. These are custom to what you have setup. They include:

® 05t what host the module has to connect to

e port the port

* ycer the user to connect with

® pascword the password to use

® (atabase the database to connect to

* ype the database type on the other end of the connection, MySQL, MonetDB or MariaDB are
supported as of now.

. an object containing:

o the certificate to use for a encrypted connection.

We will not use an encrypted connection in this example. If we would fill in what we know, we'd get
something like this:

{
"datasets": [
{
"database": {
"host": "jsit.nl",
"port": 3306,
"user": "bp_test",
"password": "Q68auvlenmRma2y6!",
"database": "bp_test",
"type": "mysql"
})
"data": [
]
}
1
"policy": "direct_insert",

"unique": true,
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“integpity®: “full®
}

We now have a configuration that can connect, but does not do anything yet. For each file that we want to
process to this database we'd create an object in the ¢ 2t = array. In this case it would be one item. Multiple
t2 elements can be made for the same file, if you want to split it up.

{
"datasets": [
{
"database": {
“host!: “Jsitinl™;
"port": 3306,
"user": "bp_test",
"password": "Q68auvlenmRma2yé6!",
"database": "bp_test",
"type": "mysql"
1
"data": [
{
}
]
}
1
"policy": "direct_insert",
"unique": true,
"integrity": "full"
}

This data element has some important properties:

® (oble the table to insert the items into
® idtheid of that table
® pethod an object
® <ource an object
® napping an array Let's fill these in into our d=t = object:
{
"datasets": [
{
"database": {
“host: “Jsit, nl™
"port": 3306,
"user": "bp_test",
"password": "Q68auvlenmRma2yé6!",
"database": "bp_test",
"type": "mysql"
1
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"data": [
{
"table": "locations",
g 2loe id?,
"method": {
s
"source": {
1
"mapping": [
]
}
]
}
1,
"policy": "direct_insert",

"unique": true,
"integrity": "full"

Now let's fill the nethod object: it defines the method to handle the database. It has three properties which

are booleans:

® insert if we want to insert records of this dataset
* update if we want to update records of this dataset
® check first if we want to check beforehand if the entries already exists. These booleans are mainly

created for future implementations, it is best to set them to true,false,true. Let's fill this in:
{

"datasets": [

{
"database": {

"host": "jsit.nl",
"port": 3306,

"user": "bp_test",
"password": "Q68auvlenmRma2yé6!",
"database": "bp_test",
"type": "mysql"
}J
"data": [
{
"table": "locations",
“id¥*: “loc did",
"method": {

"insert": true,
"update": false,
"check_first": true

1

"source": {
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b
"mapping": [
1
}
1
}
1
"policy": "direct_insert",

"unique": true,
"integrity": "full"

}
Now we want to fill the source object. It has also three properties, i1, type and delimiter, file isthe
path to the input file, relative to the configuration file. type is the filetype and e 1imiter is the delimiter that

is used in csv files. In this version even when opening JSON files a delimiter property is still expected, even
when it is not used. We fill these in to our needs:

{
"datasets": [
{
"database": {
“host!: *jsit.nl",
"port": 3306,
"user": "bp_test",
"password": "Q68auvlenmRma2yé6!",
"database": "bp_test",
"type": "mysql"
s
"data": [
{
"table": "locations",
*id*: “loc_id",
"method": {
"insert": true,
"update": false,
“check_first": true
})
"source": {
"file": "example.csv",
ttypet: Tesvh,
"delimiter": ","
})
"mapping": [

1

1
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"policy": "direct_insert",
"unique": true,
"integrity": "full"

k

Finally, we come to the mapping array. This is an array of name pairs that define which column is uploaded
into which column in the database. Each element in this array has at least the following properties:

® <ource the source column, which column or property in the file we want to specify
e .roct the column toinsert it into

® ype the type of the value, a string that can be "int", "date", "float", "string", "bool"
. if the element can be null, this is a boolean

e form an array with transformations.

Because we want to upload all 5 of our values from the source file, we create 5 objects inside the mapping
array. Let's create 5 empty objects first:

{
"datasets": [

{
"database": {
“hosth: “gsditinl®;
"port": 3306,

"user": "bp_test",
"password": "Q68auvlenmRma2yé6!",
"database": "bp_test",
"type": "mysql"
s
"data": [
{
"table": "locations",
“de “loe ddiy,
"method": {

"insert": true,
"update": false,
"check_first": true

}s
"source": {
"file": "example.csv",
"type": "csv",
"delimiter": ","
})
"mapping": [
{
s
{
b
{
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